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‘1’lIe distaIIcc to NGC 7;{31 lIas I,CCII clcrivcd  fIOIII  Ccl,llcid vtrrial)]cs  olmrvul lvitll
llS’11/\Vl~l’C2, as ]mrt of tlIc II}xtragalactic l)ista~lcc SCalc l{cy l’rcrjcct. hfulti-qdi cxlmurcs
ill 11’555\V  (W V) arid 1!’$14W’ (W 1), witli [)lloto]]lct,ry derived iudcIxrldclltly  fro~ll 1)01’II(YJ’

aIItl lJAC)}’ llC)rl’/Al,l,l~l LA fVfl I; I)rograllls, were  used to dclccl  a total of 14 rclial)lc Cc[)llcids,
Wit]l l)CliCds t) CtrWCCll ] ] all(] 42 (]d~S. ‘1’IIc 1, V - 1 color-llltig]litlll[lc diagra!tl slIo}vs  all but,
OIIC of tllc (.k])l]cids lic witrtlill tlIc irlslal)ili(,y stlri]>, aIId tllcir  Ijcrio(l-ltllllillc)sity r e l a t i ons  iIl
\/ alj~] ] ~r~ ~Ol)sis(,~I,(, Wit,]l t,]IOSC  for Cc[)]lcids iII tlIc I, MC, ‘J’lIc r e l a t ive  distallcc  ]]lodulii

I)ctwccll  N[~C 7331 and tllc I,MC1 dcrivd  frol)]  tllc V aIId 1 IIlaguit,udcs,  illfcr a! I c.xt, illctio~l to
NCJ[; 7331 of AV ~ ().39 :1 0.15 IIIag,  aIId a rc(l(lcl)i)ig-uorrcctc(l  dis(a]lcc IIIodulm to NGC 7331
of ;io.~~ II (),1 ~ II Ia~; , cc]llivalcllt,  to a dis(arlcc of 15.3: ~;~ M[K.

,$ubj(’d )1( ’(!(/2?1(/s: ccJ)llcids  - galaxies: d i s t ances  dtId rcdsllifk galaxies: irldividual
(NGC 7331) stars:  ear ly tyJw siatb:  IIiltlillosity fuIictioIl - tcc]lniqucs:  l)llotoll)ctric

‘J’lIc  IIubblc  S[)dcc 7klcscoJm (If.$’lj lktrap;alactic l)istmlcc  %alc l{cy l’rojcct  aillls to ol~tltii[i  Ccl)llcid
distlallccs  10 w 20 ~alaxics ou~ to \~ir~o atld l~orliax, to usc tlIcsc to calil)ratc  scc.olldary  distaIlcc  estillIators,
aIId Lllcrcl)y ]Ilcasurc IIrl to aII cxtcrllal  accuracy of IO%. NGC/ 7331 (l{’igurc ??)  was CIIOSCII  ]Jril[larily
as a calil) rater for tllc l[lll]iIlosity-lill(’ widt]l rclatioll  (also klIow JI as tllc ‘J’ully-l’’isllcr rclatio]  l). It lies ill
lIIC co]lhtcllatio]l  of })cgasus, a t  I)ositioll  o L 2237 05.?, J L - I 34 2b 10 (J2000), a]id IIas a Galactocultric
velocity of -1 1035 kIIL/S  (dc Vaucoulcurs  C( al. 1991 ). Acc.ordi[ig  to Garcis  (1993), NGC 7331 is illc
do]~li]l:ttltj ]Ilcllllmr of a ~rou])  witl]] Lllrcc otl]cr galaxics:~ UGC12082, NGC 7320A, a]id lJ[JC12060,  wllicll,
relative to NT(JC 7331, arc all witlli)l 1.7° 011 tile sky IIIId  :1 62 kIII/S radial  vcloc.ilics.

lJI II]a]ly ways NGC 7331 is a twill of tltc A]ldrolllcda  Galaxy  M31. It IIas tllc sal[ic early ty[m s})iral. .
(.lassificatio]i  of  Sb(rs)l-11 ii) tlic licviscd  SIIa])lcy  AIIICS  SC] IUIIC  by SaIIdagC &~, ]Ictlkc (1985)  (a]ld a IIul)hlc
ty])c! ‘1’ : 3 by (IC Vallcolllcllrs c t al. 1991), a very sitllilar  itlclillatioll  of R 75° (cstil}iatcs vary fro~tl 71° I)y”
lluchlllilcim  & l{iclltcr 1989 to 75 :{ 5° I)y Marcclitk ctl al. 1994 irIId  74.8 d 2.0° by IIcgcll)all  1987). “1’llc 1111
rotat,ioll curve for NC~C 73t{l is very rq;ular, all(l ])C~liti  tit ~2b0  k i l l / S  (Ii.rll)ill Ct dl. 1965), :111(1  tll C WZII
II I 21 CIII  lit,cwi(ltll is 531:110 kIII/S (1’isllcr  k ‘Jhll~I  1981) aIId 536 kIII/S (Illcasurcd  frolll llcgcIIIaII 1 9 8 7 ) ,
lmtll alw very siltlilnr to M31 ‘1’lIc  I)ro])crlics  of I)cirlg a regular s])irdl  of IIlcxlcratcly large illclillatioll  {Ildkc
N(.~(; 7331 aII ideal c;ilil)rator  for tllc l[lltiitlc)sity-lillc  Wi(ltll (’lhlly-l~isllcr)  rclaiioI1.

\Vc ])rcsclIt  IIcrc tllc distallcc  to NGII 7~{31 , usi]lg olwrvatiol]s ol)tlaillcd  tvitll tlIc ])ost-rcl)air ~tlissioll
\Vidc l“icld slid l’la]lctfary (k~lllcra (\V1’’l’W)  c)lI 11S’1’ with tlic l’55b\47 tilld F814W  fillers (see IIoltzl[lall
c1 al. 19{)5a  a]ld l,IIc currc]lt, vcrsiou d illc WI’’1’C2  ll)strutllcIl(  llal Idlmok frottl  S’1%1 for (Iclails of !Illc
]wrforl]]ancc  d \$T11’1’C2). Our ~]letllo(lo]ogy  follows ttlal used i]] I)rcvious [)dI)crs irl this series: cg TM 1 O(1
(1’crrarcsc  ct. nl. 199(;), MIO1  ( l {  CISOII  c! a l .  1996),  N[+(~ 92[) (Sill)crlllallli ct a l .  1996), N(.; (; 3351 (
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({rallal[] ct al. 1996),  aIId  NGC 3 6 2 1  (Jbwson  ct al. 1 996). I’llotoII]ctry was oi,taitlcd  with 1)01’ 11[)’1’
aIId Al,l,l IiJiAMlt (~ ??) ,  to idm!tify a]ld ltlcasurc  ])criods  at)d lultlillositics  of 14 Cqjllcid  varia})lcs (~ ? ? ) ,
a~>~)lyillp;  t,tlc calibrations dcscrild irl lkrrarcsc CL al. (1 996) aIId Jlill CL al. (1996) .  l’crio(l-l~[ll]illosit,y
rclatiolls  were fitted to fhcsc Cq)llcids,  relative to tllc IJargc Magcllarlic  Cloud (l, MC), to derive rcddcllitlp,-
corrcctd  disk)cc  ]Ilodulii  for cad) r)lioto]l]ctry set ($ ??). IIlll)licxrtiolls for LI)C  I)ro[wrtics  of NGC 7331,
a]ld ])rcvious  Ail)ratiorls of J,lIc ‘J!ully-lpishcr  (’J’1~)  rclatfioI] (\ ??) arc Imicfly discussd. I’rcli][lirlary results
of this  work were dcscribcd  ill ]Iugl)cs, Jlall &~ II OMSC1  (1 996).

2. l’}lotolll[!tl”y

‘1’]Ic  \VII’]’C2  fic]d lies 3.5 arc~)litl ]Iortll of L]IC  galaxy’s ~Iuc]cus, ~lo,,p; t,l Ic ]Ilajor axis (11’igurc ?? ) .
\l~,rial~]~ s[,ars  w~r~ (lcl,cct,ccl frolll ] ~ cl)oclis of li’555\$T  cosl]lic ray-sl)lit  cx[)osurcs, a]d tllcir  colors were
Itlcasurc(l froli] 4 c})oclls of 11’814W  cxImsurcs, over tlic irlt,crval  of 1994 ,Iulic 18 to 1995 AUg USI 17, as lisi,cd
ill ‘1’al)lc ‘!’!. l’laclI cosltlic ray-split, cx]msurc ]mir cc)llsistcd  of a 1600 scc zrlId a 1200 scc cxl)osurc (Cxc.cj)t
for C1)OCII 7 aIId L]lc 11’814W  cxl)c)surc  ill C[)OCII  8, w}lcrc  Lllc 1600 SCC.  cxt)osurcs were IIlisscd  duc to safi]lp,
eve,,(s),  with a gail, of? c- /l)N aI,d LL rcadoui  IIoisc of  7  c- . All of tllcsc C])OCIIS  were t,a!ic]l aft,cr t,llc
dccrcasc  ill tl]c WI I’I’C2 opcratil  Ig tcxrllwraturc  (wJlicll occurd  011 1994 April 23). Alt,l Iougl I tllcrc  a])]mws
t o  I)c a cllargc trmlsfcr  illdlicicllcy  cf~cct ill tllc WFI’C2  Wl)s, this  is o]lly SCC]I ili cx[wsurcs wit]) n l o w
lmc.kgroul~d,  a.rld is ncgligib]c for }Iigll bzickgrourids  (brighter than  70C-  ) (Jiawso]i  C( al. 1996). As our
NGC 7331 fral[lcs all IIavc bacJigroullds briglitcr  tlIaII 7 0 c- , tllcy s]lould Ilot IIavc bccII afi’cctcd.  ‘1’wo  s n o r t
cx])osurcs of 2($0 SK ill U’555W altd l~814W  were also Illadc at CI)OCII  13, l)ulj IIavc IIot lxc~l used as tlllcy
were illtfclldc{l for calibratioli  backup  via p;rou)lcl-kd  ol}scrvaticms i!) c.asc tllmc were ally problm[ls wit]l
tlic I)llotolllctric  calil)ratio~is.

‘1’lIc  scic!lcc fral]lcs w e r e  ])roc.mscd t,llroug]l  t}Ic sta]ldard  S’]%] ]Ji[)cli]lc (Iloltlz]!la]l ct al. 199ha). ‘J’tlc
})llo~lol[lctric distortions irltroduccd  by ttlc WI’’I’C2  corrcdivc  ol)tics were rcctificd by IllultiI)lyillg Cacll
ill)dgc I)y H pixc] arm c.orrcctlio~) II Ia.1). ‘1’}ICSC  diflcr sliglttly fro]n tlIosc usd Ly llolLzlIIarI  ct al .  (19951J)  ill
that tllc ~lorlllalizatio]l is relative to tllc lt~cdiaIl I)ixcl,  ratllcr  tlIaII the ldrgcst. l’ixcls citllcr  ofl’ lIIC \VJI’1’(;2
I)yrall]id  surface,  or vipylcttlcd by l,hc ~~yralllid edge, were set to saturatio~i, alId sulmcqucllt]y  i~,]lorcd  I)y tllc
])tlot,o]tictlry  I)rogra]tls.

‘1’IIc  ])}lotol[lctry  was dcrivd  usirlg prograll]s  based o]) 1 )01’II(Y1’ (Scllcclltcr, Ma.tco & Sal Ia 1993; Sal Ia
ct al. 1994)  and l) AOI’ll OrJ’/Al,l,lI’l  LAhll I; (Stctsoi] 1994), i~l a si[llilar way as dcscrild  ill detail for Ml 00
1)-y 11’crrarcsc ct al. (1996) a]id IIill ct al. (1 996), ado])tirlg  Llic Io]lg cx]msurc calil)ratiol]  (SCC A])]wlidix).

2.1. 1)01’110’J”

I)o1)I1(Y1’  Illcasurcs  ]])a~liiiudcs  I)y fittirlg a  I)urcly  al}itlylir ])oitlt-s])rcad  fullc.tioll  (1’Sl~)  10 ol)jccts
(Ictcclctl al)ovc d u s e r - s ] w c i f i c d  Lllrcsll old. ]“or l)ol’ll Orl’, cacl I coslilic ray-s[) lit })air of olJscrvatiolls  wcrx
{irstly coltll)illcxl  usit)g atl algoritlllll  {lcvclol)cd  I)y A S ,  to I)rcxlucc sillglc fralt)cs J)cr c]mclI  IIlost,ly f’rcc  o f
COSII]IC rdys. ‘1’llis  ])rogralll co]tl]mrcs  Lllc two ill])utj fralt)cs 0]1 a ])ixcl-l)y-l)ixcl Imsis  (af’tcr (:orrcc(lirlp; f o r
cxl,osurc  ti],,cs).  If cmc ]Jixcl is grcdljcr tl,a,i  tl,c otlicr  t,y ]I,orc tl,al,  4-sig,,,a, tllcll tllc lo~vcr ]jixcl value is
taliCll as tllc true value, otllcrwisc  tllc Itlcall is a(lo])tc(l. II a costllic ray event IIas I)ccll dctcclc(l,  tllcll tllc
sip;]l)a  Lllrcsllf)l(l  (Iccrcasm to ?-sip, tl}a f o r  t,llc ]lci~resl,  ]Icip;  llt)or  ])ixcls,  (I)c(,a(lw (lIC  l’Sl~ is [Ill(l[r-s?llll])lc(l
I)y Lllc l)ixcls, ~;rcat cdrc IIcc(ls 10 I)c taliCll 1(0 cllsur(:  tllai coslllif:r:iy  rclt]t)vd I illp:)rilll]lls  doII’1 also rclllovc



5

t\lC (0])S  Of 8hL13.  ]’k)r CX~l  Il])]C!,  i~liti~lly ~ [{-Si~llli+ ~llK!S]lO](l  WZM USC(], W]lidl SLlk(lUC1ltly WiIS fOUIl(]  k,

lIavc sifylificatltly  aflkckd  tllc l)ol’ll VJ’ I)tlotolllclry.)  ‘J’tlc coslliic ray-clcarlcd i!l~ap w e r e  rutl (Illrougl]
1)01’IIUI’,  to ol)taill  t,lIc posiliolls  of t,l)c t)riglltest  stars, wllic]l were tllml It]atclld (usirl~ l) A[)MArl Cll aIId
l) AOMASrJ’lI}li,  StctsorI 1994)  to ol)taitl  Lllc uoordillatc  trtillsforlllatioIls  IXLWCCJI C[)OCIIS. ‘J’lic X a]Id Y
ofikl,s  were all lCSS tl)arl w 0.2 arcscc. All the frarllcs for cad) dlip were tllml IIlc{lia!l-collll)illc{l  to Inoducc
clcall al)d rcaso]lab]y dccI) Itlastcr  iltla~c.s, wllicll were tllcm lmsscd Lllrougl] 1)01’ II U1’, to I)roducc  a ltlastcr
list of ol)jcc.ts, rctaillillg  olIly tliosc oljjccts  1)01’1 IW’ cla.ssifics  as stars. ‘1’llisl)roduccd  6701,7621,8048
aItd 8953 stdlar ok)jccls irl cllij)s 1-4, res])cctivc]y. ‘J’}lccoor(liri?llcs  oftllclll?ist,cr  list wcrctllcll tra~lsforl[lcd
tot,}Ic lmsiliollsofmc]l  C]) OC]I, aIIC]caclI  oftl)csc list,swcrcuscd Wit,]lill  l)ol’llorJ’t oolJtaiIl rawl)ol’110’l’
]jllotolticl,ry  ofcacll  oftllc jnaskr  list, ot)jccts  ill C:(CII oftllc c[)oclI  fral[lcs,

‘I’l Ic r a w  ])llotolllctry  was l,liclI  calil)ratc(l  t o  cquivalult O.b arcscc ajwrturc  II I:Lp;s, usi]lg  a[mrtare

corrections and Illcasurcd zero-J)oirltsforl)c)tll filtcrsa)ld caclI  clli~)  (SCC A]JIJclkdixA).  ‘J’llcl)]lotoI[ lctry of all
clx-dlsforcac]l o~)jcct,, ~lowca]ibraticd  to O.5arcscc aI)crlurc  ~iiags,wastllc]l  col]lt)ilicd llsiIIg])A~h!AS’1’]’;]l,
to ])rodacc a liglltcurvc  for every ol)jcd ill t,llc irl])atl Illastcr  list, ‘J’tlc ]IICM) 0.5 arcscc aI)crturc  ]IIags
(1’b55\V0,:, a,,d 11’8141V”,5)  were tl,c], cor,vcrkxl  to .101,1,s01, V ar,d Krol,-Cousins  1 },l,otol,,ctry  usiug i,l,c
mro ]wiilk at}d co]or Lrwlsfortl]s  ill AI)])clidix  A  (a]ld o])taitlcd frolll ]] OlkJlllZLIl  c 1  a], lgg~[)).

2.2. AI,  I,}I’I{AM  I’;

For Al,l,lI’RAh!l;,  {,IIc  origirlal scicllcc fralllcs  were used (i.e. trcati118 cdl of tllc coslllicray-sj)lit
cxl)osarcs  as two itldividua]  cpoclls),  followilig  ttlc A1, I, II’]  LA MI{; ]IIct,l)od dcsc.rihcd for prcwious ga]axics i~l
t,]lis ser ies  (cg. lbnrcsc c(, al. 1 9 9 6 ;  Silkrl[]a~lll  ct al. 1996), ‘J’llc l) AC)l)llCYI’/A  I,l,l~ltAhllj  ])rogra~[l
(St,ctsoII  1994)takcs  a[liflcrc~,t  a],l>roacli  i], [loi],g tl,c:],l,ot,o],, ctry, i], tl,t,tziI,  a],alyLic  l' S1~isi~~ig]r,cr,  t,ccll,y
a] I clll])i  rically- (lctcrlrlillc(l difl’cmlcc l]la]),  wllic]l rq)rcscllt,s t,tlc ilitc[lsity-}~,ciglltccl  IIlCaII diffcrcllcc  bctwcml
tllcokrvcd  l’sl~ o f  a ]~lrgcsa]il])lc  ofisolzttc(l  stars arid tllc i\llalyLicfllllclio~l.  ‘J’tJc  l’SII’ isalsoallowcd l,o
vary as a quadratic fu]lctiol]  of I)ositioll 011 tlIc cllil), to accoLIIIt for variat, io~]s irl t}IC ])S](’  across cdl cllij).
11) tllccasc of tttc llSrJ’ il]lagcsof NGC 7331, tllcrc  were too fcw isolated stars to adcquatc]y  cllaractcrizc
tllc 1’S1”,  so tllc 1’S1”s  derived frolll a IIultllm  of illdc])clldcl)t illlagcs ofp;lobular  cluskr fields I)y l)llS  Ivcrc
u s e d .  AI,l,lI’I{A  MI+; t,lIcII  fits t,llcsc l)S1”s (OIIC I)cr filt,cr slid clli])) to all st, ars of] all tlIc fralllcs, ‘lb d o
this ,  AI, I, I{’l{ANI1’} ]IIaSL  first ]iavc a IIlastcr illl)at, list of o}).icck,  wllicll Iiiic 1)01’IIC)’I’,  was (Icrivul froltl
llldia~l illlagcsl)ro(ltlcc:(l frolllcoordirlat,c  trallsforltt~ttio~  ls(lcfil~ccl  I)y ]IIzLtclIcs (again usiligl)AOMA’J’Cll
aII(l l) AOMA!YI’l  I}li) of briglll  isolated stars o]) cac.li of tllc illdiv id aal coslilic ra.y-clcalicd fratllm.  ‘J’IIc

(Iiffcmllcc wii,ll lkJ1’llW’  is tll~t  A1,I,II’ILAMIJ  oIIly USGS this s art  lis(:\st ist:~rtillgJJc  ~illt,zirl(l uscst]lcrcsalts
of sitllulkllcoas l’Slr fitt, illg o)] al] tlIc fralllcs  to tweak tllc coordinate t,rallsfc)rlllc[tlio~ls l)ctwccII  fralllcs,
tjllcrcljy itcrativc]y  illl])rovirlgtllc  II)a.st.cr  list, all(l ltli~kirlg~ilt(xilll[[lll usc of tttc al,dilak)lc  ill forlll<~tioli. ‘J’tlc
fiIIal ])llotolllctry  [ilcs])roduccd  by Al,l,l~l{ANfl;fc)rc:~cll  C])OCII  wcrctllml  IIIatclIcd  usi)tgl)AO MAS’J’l}li,
to ])roducc  a sitlglc: filcco~ltj?iirl ill$t,llc  ])osi Lions a]l(l IIlagllitadcsof all l,IIc II IatclIcd stars at all l,}Ic clmclls.
‘1’llis l)roduccd  875, 5248, 2807, a]ld 10677 ol)jccis  ill clii])s  1-4, rcs])cc[ivcly,

‘1’l)c  a])crturc  corrcctliolls  were a(lol)icd  froll) l,IIc  II ICa  II corrcct,io]ls  of ol}lcr  galaxies ill t,llis series, as
Iistcxl ill A])l)clldix 1. As for 1)01’ll(YJ’,  tllmc ().5 arcscc al)crtarc  IllagsJvcrc  ttlcll collvcrtcd to ,IOIIIISOJ)  1~

, ,.a]id IIroll-(joasllls 1 llsillg tjll(:tlrtlllsfc)  rlll:ttiollsc  .)fllc)ltzltla],  ct:tl. (19951)).
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2.3. Ccr]ll])ariscnl  IIet,wccni  I)oI’I1O1’  aIId  AI,l,JI’ILAMIL l’lIotoII)ctIy

A  col[l]mrisoll  Imtwcc]l  It)ca]) calil)r{lktl  lbl’ll WJ’  aIId  Al,l,l~lt  AMl} lllti~s is givcll ill l~i~;urc ??, wllid)
is t,tlc dillcrcxicc  Iwtwcc]l  calibrated ]IIM)I l)OI’ll W1’ ar]d Al,l,ll’l{Ah[ll  11 S’1’ Iilagllitudcs  (i.e. l~555\4T[),:,
iLII(l l~814W0  ~) of all stars,  lJ]atcl Icd to wit}lill d 0.5 ])ixcl r a d i o s . Wllilc tftlc scatter is large, ltlc stars
wit]l tlIc Iargcst  scatter  also tclId 10 lIavc Lllc largest ])tlotjolllctric e r r o r s , a r i d  klld to 1X collij:illiilltlljc(l  I)y
Jicar ilci~;lllmrs  arid/or a brigl)t backgrou[ld. A l)cttcr  coI[]Imrisoll  woLIld  l)c  to l]]atc]l just skins w}lic]l arc
iw~l~~td al)d ulltlflcclcd t)y coslllic ray cvmltjs. ‘J’liis sclcctioli was actlicvcd  by colll]mrirlg  oIIly stars with atl
rills frolll all lklags of less tl)arl 0.1 lIIag,  aII(l  which lvcrc semi to l)c isolated, stellar-like ol)jcctls.  ‘1’0 allcjw
eas i e r  cxtcrllal  colllparisoJls  with OLIr cfilil)ratcd Illfigs,  wc lisl irl ‘Ihljlc ‘!? tlIc ]jositiolts aIId  calil)rakxl  ]l)cdll
lkll’ll[YJ’  a))(l AI,l,l’’li,Ah4l’;  lnagliitudcs  ( V  aIId 1)  c>f tllmc (rcfcrc~lcc)  s~am. ‘1’llcir 11 S’1’ IIlax difl”crcl]ms
(ill illc sci)sc 1)01’ll[YI’  -  AI,l,l’l{AM 1;) arc givcll ill ‘J’at)lc  .‘!~t. rJ’tl~V all qyCC  (,o  Ivit,}lill ().l[J lllap;, witjtl tllc

~;rcalest (Icviatiol)  I)ci]lg WF3.  SO]IIC of l}IC  scat ter  Iwtwccll tllcsc l)OI’l  IIYJ’ a])d Al,l,l~li.Ahflt  IIlap;tlitudcs
tiriscs fro]]] tllc diffcrmlt  IIlctllods used to cstilllatc tl]c local  Sli  J’. Vor 1 )oll~)rl’,  ttlc sky is cstilllatcd  t’roll)  a
wci~;lltlc(l  average of  all ])ixcls witllitl  tlIc 9 X 9 ])ixcl aJ)crtjurc, wllcrcas l) A[)l’ll  C)rJ’/A l,l,l+’J{Akll  IJ cst,illlat,(x

tlIc sky as tllc lIlodal value of  pixels  it) a circolar  all]]ulus  (it] tfl)is case ]lavill~ radii of 2,5 a]ld 25 I)ixcls).
A s  oIIly 90% of tllc ligtlt fro~Ii  a star is co~)taitlcd  witllili a radius o f  0 . 5 ”  (lloltzIIIalI  C( Ltl. 1991)1)),  wlli~ll

is a radius of b ])ixcls 011 tllc \Vl” clli])s, i)otlt of Lllcsc sky Cstill)atcs will bc coulallliilatcd  t)y ltlc broa(l
wi]ig COlIII)OlIC.nll  of tllic star Ixillg  IIlcasurcxl, hut  ill di(krmlt  ways. ‘]}]IC cf[’cct  of this  colltaltliI1at,ioll will  ~m

grcdtwtf for tlIc bright stars ii)  ‘J’aljlc ~~?,  l)ut will IX Ijlillil]l;il, \v]IcII coll]lwcd  t o  tlIc hii(ckgroull(l,  f o r  St?ll”S

of c;cl)llcid Illagrlitudcs,

‘J’llcrcforc,  all Cvcll IIlorc rclcvallt  colllparisoll,  ill tcrllls  of tllc dislallcc  to N(.JC 7331, is tllc diflt:rmlcc
ill ttlc calil)ratcd  Cc])llcid lllagllitudcs  (SCC ~ ? ? ) ,  wliic.li arc rc[lcctccl it] tltc diflkrmlccs Mwcml  tllc
l’crio&l, ul[iitlosily  fits itl ‘J’al)lc  ??. ‘1’]liS  illfCTS  t]ld t]l(! ]) O})]] ~r]’ ~lld Al,]J]J]bfhth;  di[)r~td lllttgS d~r(?C

1 0  wO.08 lIlag it) \/ alId wO.03  lJmg it) 1, a dif[’crcncc  of olic sigttla w i th  rcs~wct  to Ltlc il)tlcrlial  mrors,  allll
WCII witllill tllc cxtrcrllal errors.

‘1’0 dctcci  tllc varial~lcs, tllc ol)jccts  itl tllc 1 )01)1 lorJ” ])llololllctry  sets were firstly grouIml  into
IIlapylito(lc l)ills of widlll 0.5 IIiag. A variable  was tllc]) dcfi]lcd  ax ally ol)jcct with a rot)ust,  rlrls-litic
disJ)crsioll (tllc P-o ]mallictcr, bmcd on illc ilkllcr rd]lpy  o f  varial)ility,  as dcscrilml  in lluglIcs 1 9 8 9 ,  arI(l

(Icrivul frolll 1 loaglill, hfostdlcr k ‘Jhkcy 1983)  p,rcat,cr tlIa II ttvicc l]IC  II ICaII rills o f  its lna$Ilitrl(lc k)irl.  lkrclI

Ol)jcct  was iilso rcquird  t,o IIave lKKVL IIlat,c]lc(l ill ~~t, ]cast 1 0  CIKK]IS. ‘J’IICSC varialjlcs were LIICI) scarcllcd
for ]mio(licilly with Imiods lmtwccil  10 ttlld 80 d a y s , usills  a ])rograll] I)ascd OJI lllc l’l]asc l)is]mrsioll
hlitliltlizatioll  (1’l)kl) algorittllll  of Stcllillp,wcrf (1978) ,  wllicll  is Imsc(l OJI tlic ljaflcr & Killlllarl (1965)
sti~trist, ic. ‘1’IIc IIlaitl advarjtagc  of this ltlct,llod is t,llatl it, is clliciclll  at, dctcct~rlg  Imriodicit,y  ill Slllall C] X-K’11
salt]l)]cs,  all(l i s  illscllsi{,ivc~  to ]ip;]It, cLlrvc s] Ia])c,  siIIl(lll,cillcc)l[sly, t]lc i]llag(: of cacl  I Varia})]c  w,as vicwfcxl  to

c]lsurc  it }Vas 1]01 a sl)urious varial)lc  cduscd  by d c l o s e  associdtiol) wiiltl atlotlllcr ol}jcd,  slid its li~lltlcurvc)
l,llascd at, tllc ol)tilllul)l  l’l)hf  ])criod,  was also ills] wctrd  to verify il~ (-;cl)llci(l-lil((:llc~s.
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‘1’IIc  final list of good CcplIcids (’~ht)lc )‘f:? }y~(~ Sclc’ctc(l  011 t!tlc l)asis

cat){liclatc lists. hTo good  Cc[)licids w e r e  fou IId 0 1 1  cliil) I  (l]Ic I’C cllil)),

]>llotoll)ctric  e r r o r s  l)ciri~ IIIuclI  ]arp;cr al, LIIc  IIlagliilfrldcs of tllc (;qjtlcids,

14 JI:11 caclI  l12rd to a]j]m~r  ill lmtlI

(Iuc 10  lIIC  rdllml lw\/ aIl(l

mlll]xtrcd to tfllc ottlcr  \Vl~ clti[)s
(().XI to 0.6 ,l,ag, at IIl+ylitudcs  of 251,027 irl V, collll,arcd  to errors of (),1 to (),3 l[lag oll ttlc w’]” clliI,s),

. .
rcsultj]]lg 111  lIIucl I lmwr ylclds o f  varial)lc caIId  Ida(,  cs duc t o  Ltlc. I-sig[l)a  sclcc(lioll, l~or Cc])llcids 10 lIavc

II Iad  C this CLI1,  tllcy would llccd to IIavc alll[)litjudcs  g;rcaicr  tllall C-J 1 .() ]IIag, and only lttilf the Ccj)llcids ill
‘Jhl)lc  ?? lIavc such large alrl])litjudcs.

‘J’llc r]]call \/ IIlagllitudcs  arc ullwciglltcd illtlc]isiiy dvcrapy] IIIC:II)S  (i,c, - 2.510gl[,  (~ >;10” “ 4“’’)),  whicli
wc usc illstcad of l)llasc-wcigjltcxl Il)ags, as tlllc (Iist,  ril)utioli of c])oclls  J)rovidcs well-sa][l])lcd lip;llt curves
over  <l]] [miods  bctwcm] 10 a]ld 60 days, duc to ttlc o])t,illliml  saltl])lill~ algoritlilll  dcvclo])cd I)y lhcd~tlall
ct a]. (1 994<1),  and tlic flcxil)lc WI(1 accurate scllcduliilg  ca])al)ili~y  of 11 S’1’.  IJor SUCII oI)tliltially saltl])lc(l
Iigllt,curvcs, Lllcrc is l[~i~lillld  di[f’crc]lc.c lwtwccli ill{cl,sit)y slid ],liasr-l$ei~l]tc:(l  ]]]a~s, m vcrific(l  l)y l“crrarcbc
ct al, (1996) i)) M1OO,  aIId Siltmrlltalltl  ct ill. (1996) ill Nr(ic; 925. ‘1’ttc IIlap;llitrldcs al CL(C:1I  cj~ocll o f  Lt[c
‘J’al)lc  ‘!? varial)lcs arc listd i~l ‘J’al)lc  ?? (1)01’110’1’), afl(] ‘1’a})lc  . .‘?’? (A J,],]  t}{ A~I];), lv]lcrc  for ‘1’al)lC ?’/, tllc

cosltlir  ray-sI)]it  cx[)osurc  ]IIags  arc illtcllsity  averaged,  to give OIIC lllqylitudc I)cr C[)OCII.

‘1’0 coll)[)c]lsatc  for L]]c Imor saIIJI)litlg  of Ltlc 1 data (lllcrc  were o]lly four clmctis), ttlc ]IIC2111  1 ][]ags
were cstilt)atd  following tl)c IIlctlIod  dc:vclol)cd  I)y lkccdtt)all  (1 988) and ap[)lid I)y IJcrrtrrcsc  c1 al. (1 996).
‘J’llis uses tllc fdct tl]at  tJlc all)pli Ludc it] V is allt)osl  twice tl)c alllJ)lit4udc ill 1, lICIICC  a well-sa]l)r)lcd l]lc:tfl 1
~ilag[lil,u(lc (1)]? (over ---J 1 2  c])oc%s) w i l l  lx cstililatd as (1)1~  : (1}.j  -1 0.51 ((\~)j~  - {V)4), wllcrc ( 1 ) 4  aIId

(V)d arc tlIc i]ttcnsit,y averaged 1 alJd V IIlagflitudcs  at tllosc cI)oclIs  (UJ)  to four) wlicrc Imtll 1“555W  a]ld
1“814W  illlagcs wwrc c)l)taillcd.

‘J’lJc ~kq)llcids  ill ‘Jkd)lc  ?? arc IIlarkcd  ill Ll)c dccl) 1 vs V - 1 color-lll:~gllitll(lc  diagralll  itl Vigurc  ?? ,
(Icrivcd  fro]]) IIIC lIIcmlL ]Ilagniludcs  frolll all c])oclls (for clarity, o~lly every 1 otll star ill tjtlc CM])  is l~lottcd).
All of LIIC  l)OI’l  IW1’ ~l)ag Ccj)llcids lic ill tllc illstal)ility  st,ri J), \~7C also ]dot t]Ic ]OCUS  o f  Lllc b]uc  J)] LIIIIC,

rcf] su]wrgiallt  Mid rcd giatlt  hrallc]l  for  S] IaJ)]cy Collstc]]at,  ion IIJ, s]liftcd i]] Jll~gllitll(]C aIId co]or b II IatC]I

tlIc. relative.  (listaIic.c. aIId cxt,iljcliol~  of NGC 733! . ‘J’l Ic ]xx+iifioll of Lllc rcd giwlt  l)ra~lcll locLIs illi])lics our

]illlititlg lllagtlitudc  is too ~)right to a])r)]y tl)c tiI) of t,]]c d giant  I)ratlc]l dista)lce  IIlct]lod (c?; ],CC CL a],
1993) as a cliccli 011 our Ccl)l]cid distmlcc.

‘1’IIc ]ulliiliosity function of tllc hluc ])IUIIIC  stars (i,c, wit]]  V - 1 < ().3) is ])lotlcd irl l“igurc ? ? .
llcforc i]lcc)l]l])lctc]lcss  (at  V > 26), tllc slol)c of LIIC lul))illosily fu]lctiol) is O.GI , sil]lilar to that of N481
(().57; IIugllcs Ct a]. 1994), and corlsisLcllL wit]l ottlcr  late-tyJ)c galaxim (1’’rcmllllall 1985). ‘Illc lulnillosity
fullc(iorl for slars  witj]l (k])llcid-li!ic  colors (().5 < V - 1 < 1 .5) is also I)lottcd it] ]Jip;urc ??, RII(I slIows llIat

illl”ollil)l(tcllcss for C)c])llcids sets  i!} iit \Z > 27’.8 li]ag, co)]sistcll{ witlll our faitltlcst Cc])llci(ls ill ‘1’al)lc ‘!’/,
wllid, I,:(vc ( 1 ’ ) :  2 7 . 4  (\T8) a,,d ( V )  = 2.7.7 (\713, 1)01’IIUJ’).  ‘I}t)c dc~rcc to wl)icll crowding a),d lij,lili]l!;
IIldp;  llltlrldc aflcds  CcJ)l  Ilcd col])l)lck]Icss 1s lx~i]l~;  ]tlvcsligdkxl viii :(rilificia] star tcst,s I)y l~crrarcsr  c 1  al. (ill
])rc])dratioll).

‘1’]Ic J):l  I’<\IllCkrS  for t]l C ~oOd  ~CJ)]lCj(]S  j]] ‘1’al)lc ‘!l~  arc I I ) ,  \f)lI’1’C2  clli[), Iwsitioll (lmtlI t,lIc liA ZIII(I

l)cc al cquitlox , 1 2 0 0 0 ,  a]I(l tl]cir X <III(I  Y })ixcl  ]msitio})  011  caf:lI cllil)), aIId tJIc ])crio(ls aII(l  itll,cl]sity

avcragul  1’ Illq+llitudc tltld V - 1 color for carl] d tllc AI,l, II’ J{ AMII; atld l)ol’ll[)rl’  sets, ‘l)l ICy arc idclltific(l
ill tlw \Vl~l’(.H  f ield ill Vigurc ‘f’~, as lvell :1s ill ltl(orc dciailcd  fil]ditt~; (..liarl,s ill l~ip; urc ? ? ,  aIId Illcir

Iip,lllcurk,cs, ])lIasml to t,llc ])criod givrll ill ‘1’al)lr  ?’!?, arc SIIO}VJI  itl l’igurc ‘f ’f, ‘I’l Ic lIIoa]I  diflcrcll(x+ I)rtwccll
(,IIc 1)01’110’1” :111(1 Al,l,l~l{AMl(; Ccl)llcid data lvas AIZ : O. OF) II]ag) }vitll all rt)ls (Iis]wrsioll  of ().17 lll;l?; ,
Al (),():{ II IaF;,  rl)ls : ().19  JJIap;,  ;LII(I Al)crio(l = ().()3  (I:iys, }Villl ?III  rills (Iisl)crsioll of 1.27 days.
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4. ‘J’lIC llistaIIc(: to NGC 7331

‘I)o ol)lai]l a Ccl)llcid distallcc, wc Iollow tlIc IIIctlIodology  of [Jrcvious  [)a])crs  ill tliis series, alId fit V
aIId 1 1) 1 ,  rclatiol)s  rdativc lo llIC I,MC Cc])lleids,  ado])t,illg  l]IC dista Ilcc aIId  rcddcllitlg to (,IIc  I,MC of

18.[)  :1 ( ) . 1  IIIag  aIId  1~(11 -  1) L ( ) . 1 3  (i.e. 1;(11  -  V )  =  ( ) . 1 0 ,  At, : 3.3); (11 -  t~), alId  usc tlic Cardc]li ct

a l .  1!389  cxti]lctioIl  law A1/AIT : 0 . 7 7 1 2 -  (). b897/1{1,  : 0.592 for 1{1, ~ 3.3) frolil Madorc & Prccdlllall
(1991; IIcrcafter MI(’9I ), al,d fitti,lg  tllc MI(91 1’1, rclatio]ls, derived frolll a SC( of olxmvalimls  of 32 I>MC

[;c})llcids:

ilfp’ : - 2.7(; (:1 ().ll)[lo~(l’) - 1.4] - Kio(,i  ().()  5);7’7//s  : ( ) . 2 7

to ol)taili V  arid 1 distlallcc IIloduli (/11,  , ~1]).  llowcvcr,  rwmitly ‘1’a]]vir  (1 996) tlas rc-derived the I,MC
1’1, rclatiorls, fro]]) a colllpilatioll  of data fro]ll several sourms, of 53 lJMC Ccl)llcids, and fi])ds  tlIcy arc I)cst

fit I)y 1’1, rclatiol)s  of tlic f’orltl:

Al,, , 2.774(: I ().m:~)[log(l’)  1 .4] - 5.262(:1 ().()40); T’?ffs : ().233

A!fj z - :{.039(4  ().0[)9)[10$;  (1’) 1 .4] - 6.049(4 0.028); r))fs : ().1 M

‘1’tlerc is very little diflcrc]lcc irl tllc V 1’1, rclatioll, I)ut  a sip;tiificatlll difl’krctlcc iu the I I’IJ rclatlioll
mro]mir]t. ‘J’alivir IIas atftril)ukx]  Lllis diflimllcc  t o  tlIc f a d  that MIJ91 usd  1  lnqyliludcs dcriwd  fro]ll
< \/ > - V - 1, rat]lcr tllal] iritcl Isit,y lnca]ls of tlIc 1 data. If C.o]lfir]]lcd, this ]i]calts that usc of tlIc MII’91
rclatliolls would ])roducc  a syslcli]atic  ovcrcstilllatlc of tl)c relative 1 distance lIIcrdul LIs of a galaxy by N ().04
lllag, IIcncc of the rcddcrlillg,  which produces all ovcrcsLiI1latc  of tllc rc~l~crlirlg-~orrc~t~cl  distlallcc  lllod~lllls
of 0.1 ]IJap;  , slid a corrcspolldillg  ull(lcrcsti)[)atc  of 110 I)y  5(Y0.  ATI oli~oillg ])rop;raI]l  to Illcasurc IIlcall  l-lmid
]ili(~llitudcs for a saIIII>lc of lJMC Cct)llc ids lwiIlg  ca r r i ed  out, I)y ~1~ al IJas c~~lll])~lllas ~Jljs~rv~tfory arlcl
MOLIIItl  Stro]))lo will slIcd furt]icr liglIt  011 this issue. III tllc ]I)canti]lic, 10 bc coIlsistcI]t witt) I)revious  ptrpcrs
ill this series, we Col]til)uc  to use t}lc MIW1 1]1, rclat,iolls.

A s  earl I)c SCC]I i~l ttic illla~cof Pigurc  ‘!? (a],d to a ]I,orc dra]],atic  cxtc,lt  i*\ Figure  ?? ) ,  Lllcrc arc
Iloticcal)lc  alllout)ts  of dust  ill NIGC  73:{1, so it is i[tl])orlalllj to Illcasurc and accoul)t for this as accurately
as I)ossil)lc. As it] Ml~91,  wc ]t]casurc t,l Ic IIICaII  rcddc]li]]g  I’; (V - 1) for t,llc wl)olcsaltll)lc  of Cc])llcids  frc,l]l
tlw diflcrcllcc IIV - I(J,  wliicll  is lllcn used lodcrive  the rc(l(l~llilj~-c~rrc~t~~l  [listall~c

Wcllavc twolllctllo(lsof fittillgillc h!1~91  1)1, r e l a t i ons  irl \~ and 1. ‘l’lie first adoi)ts LIIC l,hl C 1’1,
rclatiollsl  usilig least  s(luarcs fits alj tllc adol)tcd SIO]JCS. ‘J’]lc  SCCOII(I  ]Iict,llod,  a s  used I)y 11’crrarcsc  ct$ d
(~{){)~)  fc,r h, ] f)(), Lakf:s t,}lc salllc  set, of ],h~~: ~;~]~]lc:i~]s  a],f] afl{]s  al, ofl’set, (,o  t,])cir’  lliag[]it,uc]cs  t,])at ~liil)il,]ims

Iftlc scatter wllcll col~lt)illcd  will] llIC NGC 7331 Ccl)llci(!s. l~otll ]Ilctllods ])roducd vir tual ly idmltical
results,  :i]ld so wc only ])rcscr]t  tl)c rc:sul Ls oft,l]c first ]tictltod.  Ollcof tllc Al, I, I~li AhTIJ  CcI)llcids  (V13) had
a  v e r y  I)]uc co]or (~1 ) L ().()), duc to a faint, < V > Illagtlitu(]c (rc]alivc (o t~Iat ol)taillcd fro}]] ])o]’]]~)’l’),
}vllicll ])ut it, ot’lsi(lc llIC  illst, al)ility stri}), atid was CXC]U(IU]  froltl tllc AI, I, II’l  LA MIIJ fits, li.cltlovitlg\~l;{  frol[i
tlIc l)cjl’ll o’llfitsol llyrc(lLli:c<l  illc(lista]lccl  ]lcJ(lLllLlsl)y ().01 II]ag(lllctflod  1) alId [).()~{~lla~(lllcttlo(l  2).
‘1’IIc }’1 ,  rclt~t,  ions arid t,llc fills  usill~ttlc hll’91 SIO])CS arcsllwv]} it) l~ixu]-c  ‘f ’f.

‘1’11(: ll~lttll~clof(.~cl)llfi(ls  uwd ill Lllc fits, tli[:2i[)j)ztrcll tclislt(rlfc ]I]oduliiitl  V alId 1 (Ilv,ll]), Admlitlgs
I’;(V - )), aII(l rc(l(lc]]itlg-corrcctc(l  dista]lcc  ltloduli II(I f o r  caclI I)lloto]l)chy set, are listc(l ill ‘1’al)lc ??.
‘1’llc 1-0 ullccrtaillt,ics  ill I(v all(l l{] arcjustl tllc errors 01] tllc lIIcaf  I fro]ll  tl]c least squares fits (co]ill)irlc(l
ill qlladratur(  wit,ll l,IIc ~111~.frt~~i]llics ill tlIc l,hl~~ 1’1, fits). llccausc  a co]lllmllc]lt of  tlIc s c a t t e r  it] llIC 1’
alI[l 1 1)11 rclatio)ls  w i l l  I)c (.orrclatcd,  tlllc ulll”crlaillty ill 1{(, is IIcrivcd f’ro]])  tllc (Iislwrbiol]  ill a \Vcsclltlrit



fut}ct,io]}, 141:  1~ - 2.45(V - 1), wtlicll is adal,icd  b I,l)c rcddcr~itlg  assutllcd ljctwccII  V a]id ), as t h i s  w i l l
illll)licitly  I)ro])agatc  trllc I)llol,olllctric  ullccrlaitllics  atl<l carlrcls 11][ di[ltrctttitil  rc(lclcllitl~-irl{lllcc(l  scatl,cr
(hla(lorc  1 982). ‘1’l,c u))ccrl,aillt,y  it, l~r, ill ‘J’dl,lc ‘f’;? t,ll~ls ill~]~l(lcs 1,]1(, oljscrvzit,ic)lllll  ut]ccrldilllics  ill tllc

I)lloto]tlct,ry. ‘lb setircll for aIIy  xcro- poitll  varidtiolis  I)CIWCCJI  ullil)s, sc[mratc  fits vwrc also lt)adc to Cacll
cllil). \Vc l)otc tllatj tlIc fits for cllil~ :{ g ive co)lsistclltly  Iargcr  1{1,, for l)otlI  l)ol’ll[)rl’  aII(l AI, I, IJ]{,AM II:
II Iagt Iit Ndcs, IIC]ICC  larger cslillldtjcs for lIIIC  cxli])ctliml, aII[l so Iovwr  c~lilllai,cs  for ~(o. IIill et, al. (1 996) fou]ld
siltlilar  discrc[)alicics wit,ll t,l]c }vl~:l  ])1 Iot, oIIIct,  ry ill 1,1 Ic M ] ( ) ( )  data,  but assulllcd  tlllis was duc to tllc cxb; i

crow(lill~;  (for Ml 00, WII’3  was LIIC  closest cllil) to ttlc II UCICUS),  I{’or NGC 7331, \VP3 is i,ltc least aflcctrxl
])y crow(li]lg,  irlfcrrillg l]IC cause  ]t)ay I)c Nla(cd  10 t]ic \\~1~3 clliI) itlld/or  ol)tics. 1{, is t[]so ])ossil)]c  l]iat  L]lc
(liO’crc]lcc is {Iuc to a calil~ratioll error ill Llle \l’1~3 ll)a~tlitu(lcs,  l~ul as tllcsc were ]l]adc itldc]mldclllly  for
1)01’ II(YI’ arid Al,l,lI’li.AilllJ, SUCII a]] error, if it exists,  is ]11(.)rc Iikcly to Iw ill LIIC llol(zIIIaII ct a l .  (19951 , )

calll)rt~tlloll froi  II ().5” q)crturcs Lo stalldwd II Iap;s, IIowcvcr, 215 tllcrc arc ol}ly three Ccl)hcids ou WI”3) if
(Illcrc is ally systc]]latic  er ror  ilivolvcd, il will lILIVC  ltiirlill~al  illl])aft, 011 t,l Ic avcrap;c  dcrjvc(]  frolll ZL]] (,tlrcc
\Vl” clli]w, ‘I)llc lulllillosity  f’ullctlioll for stars  will) Cc])llci&lilic c o l o r s  ill lrigurc ‘.?’!  stlo}vc(]  Ltlat, IYC lll:IY  ~IC

af[ticlcd  l)y illcol))])lt:lcllcss a(, illc faillkst (ic sllorl  ]wriod)  CII(I o f  tlic Ccl)llcid dist,ril)ut,ioll. ‘lb clIccli  for

tlIc cflkcls  tfllis lilay tlavc ill fiLtillp; tllc 1’1, rclatio]ls, l]IC ]owcr  Iwriod ]il)]it was also varied,  frol]l 10 days
(tllc lower ]miod  li],]it) to 15 arid 20 days. ‘1’]lcrc is c, s,,,a ]] trclld to s]igtitly Iargcr  disl,a]lcc IIim]ulus  as t,}lc
low Iwiod lil)lit  is iltcrcasccl,  frolf]  30.80 LO 30.8[) (Al,l,l~lLAM 1;) IIS  l]IC low J)criod lil)lit illcrcascs fro]]] 1 0
10 25 days, bui, Lllis is wcl] witllill tlIc crrol-s, i]ldiciltitlg that ]Io st,ro)lg  Mall[lquist,  l)iw is prcsmlt,  irl o u r
(k])]lcid saIIl])]c,  all(l Lllat our distallcc  cstilll~(tc }vill JIOt Ix sip,tlificarltly aflcdcd  l)y illcoltl~)lc:lc:llcss.

A  ]wssil)lc  colill)]icat,iou  aflcctillg  our (Iislallcc cs(il[tatc  II]ay t)c t])c di[lcrcvlce iu IJ]ct,allicit,y bclwccII
tlIc N(; C 7331 arid I,MC CcI)llcids. ‘1’ltc dt)ulldallcc of our \VIF1’C;2  ficl(l call I)c cwtirlldlcd I)y cxtrapolatillg
tllc al)ulldal]cc g;radicllt  dcrivd  fro~ll LIIC illllcr 11 II rcp;io~ls  I)y ocy  f.! l{cvlllicutt (1993) of -().1 dc.x/arclltill.
ocy k l{clltlicutt  der ive a]] a})u IIdaJIcc of log(() /11)= 3,()() at al! cff’cctivc  radius  1/1; : 1 ,07 arclllill,
iltll)lyill?; a ]IICWII al)utldal]cc of log(C)/ 11) = - 3.25 al a radius  of ;{.!j arcnlli~l. Assu]l]iilg  L}ic I,MC Cc])l]cids
tlavc log(C)/11)  : - 3.65 (I)ufour  1 !490),  t,llc]i tlicsc NCJC 7331 Ccl)llcids ~lrc Iikcly  to I)c 2.5 tilllcs  lilorc ltlci,al
rich, ]Iowcvcr, t,llc ocy & l{crll)icul{,  saJJIl)lc o~lly CXtlCIId Cd to a I)rc>jcctcd radius  011 ttlc d isk  of  79 arcscc,
so i,llc cxi,ral)o]<ltic)ll  to OLIY \$’11’l’C2  field, at, a radius  of 3.5 arc.]llitl, is lligllly utlccrtai~l. ]{clitlicutt  (I)rivatc
c<)l)llllllrlir?l{,ioll)  IIOW  lids olmvv~~i,io~ls of 11  11  rcgiol]s  ill tllc \Vl~l’C2 [icl(l, aIId ])rclilliillary rcducliolls
irldicak {IIC  IIlct,allicity  is only 1.5:1 ( ) .3  l,illlcs IIlorc  II]ct,al rich tllatl lIIC l,hf C. Ado[)titlg  i,]lis Illcta]]icit,yl
llIC]I  LIIC  calculat,iol)s of C]liosi, Wood &, Ca])ita~lio  (1 993) would iIllI)ly  tllc hTGC 7331 Cci)llcids arc oIIly
---I 0.04:1 ().()2 IIlag faillt,cr ill l/ tllall Lllosc ill tllc I, MC; (for a ]IJCaII Jwriod of 25 days, aJId IIlakillg  tlIC
sa]l]c ilssullll)t,iolls al)oul, color (Iist,ril)ut,ioll, collvcctlivc ovcrsllooi,  and Ilcliul]l dc]midcl)cc  011 IIlctallicitfy
as ‘lkllvir 1 996), ]Io}vcvcr, tlicrc  is a slllallcr  cl Ial Igc i)) tllc 1 II Iagh, wltiull WlICII  folded tllrougtl  1,1 Ic
rcd(lcllillp;  corrcctio]l, ]IICWIIS  LIIat t,lt( dista)lcc  ]IIodulus  rcdums  l)y orliy ().()1 1 :1 (),()()(;  ]IIq;. ‘1’llis I)rcdictio]l
is cc)llsist,c]l(, }vil,]l  t,llc ol)scrvat, iollal results for N131 (Itrcc(l]llatl  S’ Madorc  1990), Ivllicll Sllo}v Ilo stat) istjicdl]y
si~llific:~]lt, cvi(lcllcc  for ally IIlct, allicit$y cOkcl,, W’c dwait tllc alld]ysis  of (lIC illllcr arid oul,cr  MIO1 fields,
10 se( if tllc tllrorcl,ica] ])rcdict,iolls of CIlliosi, WOO(I  & (.;t~l)it tltlio (1 99;{) ar(: co~lfirltle(l,  Al this stage wc
illrrcl’orr si]ll~)ly add this tlicorctira]  ])rc(liutioll as a ])(jssiljlc  sy>l cl]lalic  error, collscr~ativcly cstilllatc(l  ds
().02 lIli\p;,  ill ‘1’al)lc ??.
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‘?’? ~ivill~ a total u~lccrtailit<y  ill pn of 0.19  IIIag for l ) o 1 ’ I i ( M) aIId ().18total error budget is Iistd ill ‘1’al)lc . . . 9
]IIaP;  for Al,l,lIIl{Ah! l;.

‘I1lIC rcddcrlillg of I’; (V - )) z ().26 (lhl’110’l’),  0 . 1 6  (A I, I, IJILAMIJ),  illlplics a IIICMI  cxtitlctioll  to
N(; G 7 3 3 1  of A\/ : ().64  :1 ().15 (l)ol’110’l’), 0 .39 :{ 0.15 (A1,I,l’I{AMII:)  IllZt~. ‘J’}Ic forcgroull(]  ~;a]actic

cxLit)c.tioIl  ili t]Ie dirccLioll  of NGC 7331 is Al, = 0.27 (dcrivd frorll  II; (IJ - V) L ().083 froll]  IIurstci])
,Q IIcilcs 1984), thus  tllc II]CMII  cxti]lclioll  illtcrl]d to ttlc N(;C  7331 Cq)llcid field is 0.37 (l)ol)ll O’ll),
0.12 (Al,l,lJli.AMIJ)  I[)ag itl V. ‘J’tlc rccl(lclliilp;-cc~rrcclccl distmlcc  II]odulus  is 30.803 0.19 (I)o1)IIWI’),
30 .924 0.18 (A1,I,lI’ILAMI;)  ]]lag, cquivdctlt,  to a distaIlcc  of ]4 .5? ]:; (I)oPIIUJ’),  15.3~ ~~ (AI,l)FRAMI;)
Nl]w. lb col]sistclicy with ]Jrcvious I)ajwrs,  atld for sillll)licity,  wc tlmlccforlll quote tllc rwsults  lmscd 011 Lttc
AI,l,II’I{AMIJ  ])llotoljlctry alollc,

]’rcvious distallcc csti Illatcs t o  NGC 733]  arc ]ist,cd ill ‘]’al)]c  ?’!!. ‘J’IIc  silllilaritics  lmtwccII NGC 7’331
i(]ld h!:+] })rolIIJ)td  ]Luljitl cl, H]. ( 1  965)  Lo Illakc i,])c car]icst  aJ)J)roxil  Ilat,c  djst,a)lcc cstj~llates  h NGC 733]
ill i,cr]])s of a ratio  of t]Ic djsl,allm  L o  h!:+].  ‘1’]ICSC  csl,jlllatcs coIlvcrL L o  ]7.7 ?l~l)c, bad 0 1 1  col[lJmrirl~
rcccssiol] vclocitlics; and 15.4 M Jx, hid oII colllJmrillg aJ)parclli,  dialtlct,crs, wtlcrc wc adoJ~tj tllc distal)cc
to Tv131 of 770 k])c froltl IJrccdltlali  &, Madom  (1 990), ‘Jhlly (1988) cstilllatcd  a velocity dist,arlce of 14.3
MI)C tmscd 011 assull!iIig  110 =. 75 kItl/s/iYl])c, a]id a Virg~cclltric  illfa]l ]ILodcl  of the ],oca] Groul,  of 300
]ill)/s.  ‘]’t)c ‘}ii]]y-]pis]lcr  distwlcc  cstilllatcs  for NGC 733]  arc 9.6 hfl)c (]] band, IIottillcli  d al. 1985) allcl
12 Mpr  (11 baud, Aarcmsou  et al, 1982). ‘J’lic oIily  recorded suJ)crlLova ili N(.JC 7331 was SN19591),  of
lylw 111, ] utlfortullately  occurifl~ before L}IC  cra of cstilllatillg  distances  to ty]w 11 SN fro~ll  tllc c.xl)alldi[lg
],]lut,os~)]lcrcs  II)ctl,od (cg, Sc]ll[lidt cl, al. 19943).

5. l)isc.ussioll

‘1’llc ailll of Ltlc Key l’rojccl  is tlllc l]]casurcl!lc~lt  of tlIc llubl,lc CoIIslaIil by calibration of sm.olldary
(Iistallcc i]ldical,ors. \Vc col]sidcr tl)c i]lll)act of our ricw disla~lcc oil tllc calibratio~l of two SUCII distarlcc
itlflicators  IIcrc,

5.1. ‘1’lIc  ‘1’u]ly 11’isl]cr  rdatio]]

Mould d a l .  (1996) llavc uldatcd {IIC calil)ratiorl  o f  tllc illfrarc(l  ‘lhlly Fis]lcr rclatiollj  ~]otillg tllc
ill)]wrtlallcc  of ])ol)ulati]lp;  tllc calil Jratfioll for ga]axim  of lar~c litlc widt,ll, galaxies wt]icll earl Ix: dctcctjcxl al
]argc distarlvcs, }vllcrc lwculiar  velocities arc llcgli~il}lc rclal,ivc to rcccssioll vclocitics, 1]) l~i~ure  ?? wc add
Nc{c; 733 I to ‘1’able 4 of liawso))  cl al. (199 G).

WC adol)t  all 11 J vc]ocity widlll of 531 :1 1() 1{]1]/s (givc]l l)y l“islicr & ‘Jhlly), aII irlclillatio~l f o r
N[~~~  7331 of 72°, :{0 lC S S  ll)all t]IaL  of Aarollsol,  d al (1982) (cJ. 73° ‘1’orll)cll  & IIurstcirl 1995).

‘1’IIc least squares fit lli~l’1~ rclalioll  cxc]uditlg  N(.JC 7331 is 11. (,,:, : - 1 (),()(+  2.4) (lugA\~ -
2.5) - 21 .3(:1 ( ) . 3 ) ,  with o ~ ( ) . 3 6 .  WIIcIi }VC a(ld ill NGC 73;+1 tllc fit IXY.OIIICS 1 1 .  [, 5 :

10.6(:1 2.2)( logA\~  - 2,5) - 21 .3(: I 0 . 3 ) ,  witlt o : ().39. II CIICC this distallrc  to N(; C 7331 is
cc)llsisl,cllt, wit,li ill{: c(lrrctll llV1’11’  calil)ral, io)ll I)ul, it lmirlts t o  a (Jis])crsioti  of 0,4 II Iap;  ill t,JI{: relatiolil 110[,

very (liOcrcllt  frolll  t,l Ial fou]ld  I)y AaroIIsoII  h N!ould  (1  982) ill pyoul)s  atId clusters,
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titcllar  COIII]JO]IC]IL  as WCII.  AI LIIougl I LIIC color tcr][)  i]i l,IIc Slll~ cirlil)ratiml is irltelldcxl to tillow for SUCII
variatiolls,  tllc rcddcnitlg  w o u l d  tcr]d to ]rlasli  tllc t)lucr colors suclI a you]lg COltIIJOrICIItj  w’oulcl  coritribotc,
ttlus lllakillg  tllc dcviatiorl  fro]]] ar) ullrcddmlcd old  lJolJulat,io~l CVCVI grca.tc.r.

(i. coIlc.lusioll

WclIavcuscd  15cJJoclls  ofll S’J’1’’b55\V fralIlcs to I)ro(lllcc  liglltctlrves ofallslars  witjllirl ttleficlcl,  (,oa
li]llitillg  lna~llitudc of V 28 ]llag, usil}g two pllotolnct,ry ]wogriuns  (1)01’lIIYJ’  a],d l) AC)l’IIC)rJ1/AJ,  I,l~ltA M]}),
a]ld froll] these liglltcwrvcs  idcllt,ificd a total of 14 rclial}lc CclJ\~cids  ill NGC, 7331. lJsilip,  Ll)c. AI,l,lJl{,AMlt
data, aIId aII additioIia]  4 c~xx]Is  of 1(’814W  fralllcs, ]Jcric)(l-l~lIllitlosit,y  rclatio~ls  der ived froltl I,hf  C (kJ~llci&+
wwc fitted to llIC NGC, 7331 C,c]))lcids,  to IIlmsurc  a II ICaII  rcddcnillg  of 11(V –- 1) = 0.164  ().0(;, tind a
rc(](]cllillx-cc>rrcctcc]  distallcc  II IOCIUILIS of ~().gz:i  0.]8 IIlap;,  cquivalmt  LO a distance Of ~5.3~ ~j~ hfIJ~.

\$’carcil~dclAcd  totllcvcry ahlcsu])]mrtf  ]Jrovidd  by tllc stafl’al SJ’Scl, irl parliculat tol)oug Vail
Orsow  for IIis scllduli~ig  al)iliLics. SuI)Imrt  for t}lis w o r k  was I)rovidcd by NTASA Lllroug]l  grant  ]Iullllxr
2227-87A frol)l Srl%l w]ticll is oI)c.rated I)y AUI{A ulldcr NASA Colltract  h1AS5-26555.  ‘J’llisrcscarcll  lla.s
]tladc usc of t,lic hlASA/ll’AC  l’}xl,ragalactic l)atalmsc (Nlll))  wllicll  is olmatcd by J]’],,  Califorilia  ]Ilstitui,c
of ’1 ’cc]lllo]ogy, ulldcr coritract  with NASA.
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‘1’llc cdil)ralioll of lIIIC raw 1)01’ 110’1” IJllotolllctry is givml I)y:

11S’1’ IIIag = ltaw  l)ol’ll Orl’ ]]]ag  -I 3 0 . 0  -I AC -{ 2.5*log10(t)  -I Z]’

wllcrc 1 1  S’1’ lnag  is  lt)c 0“.5 aIwrlurc  IJlagrlitudc  systcIIl (1’’bhh~t’~,~ alI(l F814\$’0,  ~), as dcfiilcd I)y’

lloltzlll?r]l  c1 ill. (19951,),  AC is tl)c almturc corrcctio],  (to corrcd  for tl,c 9x9 ~,ixcl s q u a r e  almrlurc,
(Icrivcd fro]]] AS olmrvat,io]ls  of l,CO 1), t is tllc cx~msurc ti]llc, ill sccollds, arJd Xl) is ttlc mro-I)oillt  (derived
I)y AS froln co])l]xwi]lg  ]IIags  ol)tai]icd fro]]]  tllc first CI)OCII  NGC 7331 fra]llc wit]l olx+mwt,io]ls  of l’al 4,
fo]lowillg  l,]Ic l)rcscriJ)tion  of ]] O]kJIIaII  c1 al. 199 bl)).

‘I1lIC 1)01’II(YI’  al)crturc  corrcctlio]]s arc givcll I)y:

W]ICTC  x ~11(]  y arc J)iXCl CO Or(l  S Of Cdl  fllll (800  X  8 0 0 ) ”  \~]~]’~2 C] Ii I), i~JId  {,IIc ~ Coc[[icicllk  arc ~iVCJl

ill ‘J’iil)lc ??.

l~or I)rigtlt stars C)JI a fairltj l)ackgrou]l(l  (as for tlIc cluslcr  calil)rdtfioll data), tllcrc is a cllargc tlrallsfc]
cfriciellcy (~’J’]’;)  df’cd  w]lic]l ]Jro(]ucm a raJIl]x(] ofkcl, in  L]lc IIlcasurcx] ll]a~;tiit,udcs  o f  = (). ()51[Ia~;/800
I)ixc]s i]] I,tlc }’ dircct,icr~l (SCC lloltz~ilaII  d al. ]9951)  for dctaik). AS accou]lkd  for aJIy syskvllalic  error’ L]lis
Jll?(y illtrO(lllCC hy tt(](!i Il~ - ().020 Jl12i~ LO lliS 7, CJ’O-JKJiJltS. As discussd it) lbwsoII cl al (1996), mro-J)oilits
for \k’]J]’~;2 a]so SCCIII  t o  diff’cr  I)y ().()5  JIIag htwwII s]lort arid ]o]lg cx]msurcs ( i  .c. ohjcds o]mrvcd  witlI
long cxI)osurc  till]cs al)Jmar l)ri.glltcr by 0.05 ll)ag, colll]mrcd  to snort cxJ)osurc  Li]Ilcs). l“or long cxImsurcs
(i.e. ours) tllc 1)01’110’1’ zero-poi]lts (for a gain of 7) arc ddiJIcd  it] “J’ab]c ??.

]kausc l)ol’ll Orl’  aIId l) AOI’l  IOrl’ lIave  di[l’crellt  II Ict}Iods  of cstil]lati]l?; tlIc sky and dif[’crcxit  1’S]+’

I)rofilcs, tllcir calibration tO st21Jldar(l Jllag[litu(lcs IIa.s  tO I)c doJIC iIldC]K?Jl(]CJlt]y.  ‘ 1 ’ 0  gaiJl full dV~J1t?l~;C o f
t]lis cflort,  t]lc Al,l,lI’li,AMII)  ca]i~)ratioll WM a]so doJIc using a difl’cmtt data set, bad or) s}lorl. cxl)osurcs of
stars ill c;alact,ic globular  c]uskrs, t o  I)rovidc all i]ldcI)c]ldc]lt,  d)cck 011 tllc calil)ratio]l  J)rocdurc,  ]iccausc
Al,l,lI’li Ah411; a l lows tlIc l)SII’ to vary across mid]  clli}),  its calilmatiul oIIly requires mro-I)oi]Lts  a~ld a sinslc
a]wrturc  COrrCCtl  OJl ~xr clli])/filter to Collvcrl tllc raw JIIagS  to C(luivalul(,  (J.5 arcscc a])~rt~lr~ II I~p;S, ~],~rt:

for l) AC)l’llC)rl’/Al,l,lI’ltA  KflI;:

‘1’llc mr~]millls were derived I)y 1’IH for cacli clliJ) altd filter frolll wcip,lltcd  avmagcs of lo]lg  cxj)osul c
11S’1’  vs grou]l&]mscd J)]loio]tic(ry  of t]Ic c]uskrs ti~ [;c]I (\~a]kcr  ] ggd),  aJId NGC 24]9 and ]’al ~ (Iiollm &
Stclsoll,  ])rivatc col[llll~lllictlt,io]l). ‘J’tlc 11 S’1’ w C;CII  data were LakclI wriltl d ,g,~till  of N14 , dIICl Jvcre collvcrtcd
10 a .gai]l of N7  usit)p; tllIC ralios ill llol(zIIIaJI ct al. (1 9951)).  1’11S  Illcasurcd a JIICXIJI CrJ’lt  ratll]) cfl’cct of ().01()
Jllil~/800° J)ixcls,  wl]icl, was l,l,m, a,) J)licd to tllc irl],ut Clustcl J,,~~s. ‘J’lic a]wrturc  corrcctiol)s  were derived
fro]]] ]I)ciiII lllci(surcll]c]lts I)y 1’11S  of aJ)crturc  corrections for tllc Ltvu hflol fields w,(I (lIC NGC 4725 ficl(l.
‘1’IIcsc,  a]ld L]lc ZCJO l)oill{s  for Al,l,l~li  Ah!ilt (ap,tiill, OJI ttlc I,OAIG  cx]msurc smlc)  drc givc]l ill ‘J’al)lc  ? ? .

‘1’llc 11 S’1’  II)ap;rlitu(lcs were t4JICII  trallsforltlc(l  to JOII]ISOTI  lj or KroJi-Cbusi]ls 1 IIlagllitudcs,  using (JIC
Irtlllslc>rltllltic)lls  derived I)y IIoltz]t)all C( a]. (19951)):

V  : 11’5:)5\Vc,  ~, - ().045(V  - 1) -I ().027(V - 1)2

I  : l“814\v[, :, ().o(i7(V  -  1) -[ ().()2b(V l)?
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WlICII  Ill - 1 - (V - 1)1 <  ( ) . 0 ( ) 1  IIIag (usual]y OIIC  itcratio]l was suf[icim]t).
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ltpodl

1
2
3
4
~

(i
7
8
9

10
11

12
13
14
lb

1
2
8

12

.

. . .

Julia.]) l)atc

49521.832
49530.612
49543.952
49545.762
49549.586
/j9~52~()~

49557.044
49561.927
49573.584
49573.861
49581.226
4(J~~76]5
4~902(j2~
49$)2]59~
49946,395

49521.966
40b30.746
49567;754

49887.631

40g02(j4~”
49902~50

‘lhl)lc 1 .  ltj)oclls of ol)scrvaiiolls.

l)ilcllalllc l)atc l’k~msurc Lilllcs ldltcr

u2781qOlt 18/06/94 1200.() 1600.()” l~555\$~
1127811’olt 27/06/94 1 200.() 1600.0” l~555\V
u2781tOlt, 10/07/94 1200.() 1600.()” l’555\V
u2781uOlt 12/07/94 1 2 0 0 . 0  1600.O l“555\V
u2781vOlt 16/07/94 1200.0 1600.() F555\V
u2781wOlt 1 9 / 0 7 / 9 4  1 2 0 0 . 0  1 6 0 0 . 0  l~555\V
u2781x021 24/07/94 1200.() . . h’b55W
u2781yOlt 28/07/94 1200.0” 1600.() l~555\V
u2781sOlt, 9/08/94 1 2 0 0 . 0  10()().O  I“555W
u2782001t 9/08/94 1200.0  1600.0  l~555W
u2782101t 17/08/94 1200.() 1600.0 l“555\v
u2030101t 19/06/95 1 2 0 0 . 0  1600,0  l~555\\’
u2030201t 4/07/95 1200.0  1600.0  I“555W
u2030301t 23/07/95 1200.() 1600.0 14’555W
u2030401(, 17/08/95 1200.0” 1600.0 l~555\V
u2781q03t, 1 8 / 0 6 / 9 4  1200.0  1 6 0 0 . 0  l~814\$’
u2781r03t 27/06/94 1200.0 1600.() l~814\v
u2781z06t, 3/08/94 1200.() ~ ~ . I“814JV
u2030103tl ]g/()(j/(J[, 1200.()” 1600.() l“814\v

u2030203t! 4/07/9[) 260.() 260.()  l~555\V
u2030204t 4/07/95 260.() 2 6 0 . 0  l~814\v
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‘lhlJIc  2. IIdmvlw  Stjar l’llotolllctry.

11) (;llil, I{A (,12000) l)CC X )’ V,lif ]Alj ~fll Opl, II)oph

Ii 1 1 22:37: 1.47 34:28 :10.6 206.2  100.1  24.15:1  0.08 ‘23,81 :1 (),23 2 4 . 4 3 , 1  0 . 0 9  2 3 . 6 2 : 1  ( ) . 6 1
lit? 1 22:37: 0.40 34:28: 9 .4  211.7  394.2  21.91  d 0 .03 20.24 j ().()4 22.004  0.08 20.05j  0 . 3 8
Ii 3 1 22:36:59.90  34:28: 1.0 385.4  544.3  24.67:1  0 .07 24.344 0 .19 24.744 ( ) .07  24.32+  ().97
1{ 4 1 22:36:59.69 34:28: 4.6 301.9 595.6 25.474 0 .09 22.34 + 0.12 25.534 0 . 0 6  2 2 . 3 8 4  0 . 5 3

1{ 5 2 22:36:59.28  34:28 :23.4 334.6 102.8 23.35,1 0.04 22.364 0.04 23.41:1 0.07 22.57:1 ().27
Ii, 6 2 22:36:59.05 34:28 :31.8 356.() 190.0  24.36,1 0.06 24.074 0.13 24.47,1 0.09 24.44:1 0.37
1{ 7 2 22:36:56.71 34:28 :31.9 648.0 214.()  22 .014 0 .02 10.743 ( ) ,03  22.123  0.10 19.85:1  ().15
Ii 8 2 22:36:58.07 34:28 :56.4 457.9 448.6 23.38:1 ().()6 21 .12+ ().02 23.45:1  0.08 21.24,1 0.05
]{ g 2 22:36:57.52 34:28 :56.0 525.8 4 5 0 . 4 25.014 ().()6 23.504 0.06 25.03:1  ().10 23.504  0.07
1{10 2 22:3(; :58.05 34:28 :58.9 458.1  473.5  20.47,1  0 .07 19.68:1 ().()1 20,604 0,08 19.804 0 . 0 7
1{11 2 22:36:57.94 34:29: 5.9 465.7 5 4 5 . 4 25.06 + ().()8 24.92: 0.3(; 25.14 + ().()7 24.85 +- ().2()

1{ 12 3
1/ 13 :{
1{ 14 3
1{ 15 3
Ii 1(; 3
1{ 17 3
Ii 18 3
1{19  3
Ii 20 3
1{ 21 :{
Ii 22 :{
Ii 23 3
1{ 24 :t
1{ 25 :+
Ii 2(; 3

22:37: 2.11
22:37: 1.90
22;37: 2.37
22:37: 2,48
22:37: 2.84
22,37: 3.06
2?:37: 4.91
22:37:5.04
22:37: 5.45
22:37: 5.57
22:37: 5.97
22:37: 6.12
22:37: 6.41
22:37:6.45
22:37: 6,81

34:28 :27.5
34:29 :12.9
34:29 :13.5
34:29: 3.8
34:28 :22.6
34:28 :36.1
34:28  :40.0
34:28 :50.5
34:28 :51.0
34:28 :49.7
34:29 :15.4
34:29: 2,0
34:28 :50.3
34:29 :13.6
:34:29: 4.9

121.6
582.4
583.3
484.5

64.2
200.()
220.8
325.4
326.9
312.6
567.3
430.4
310.()
545.3
453.5

117.1
127.2
185.9
192.9
204.1
243.1
476.8
500.8
552.6
567.1
637.6
645.0
672.1
695.1
734.0

25,41 + 0.08
23.494 0.06
24.623 0.07
24.76:i 0.08
25.05,1 0.09
24.394  0.07
25.704 0,09
25.554  0.10
24.264 0.08
25.42 + 0.07
23.624 0.08
23.30:1 ().06
25.273 0.08
24.!354 ().08
2Vi.  b2,1 0.08

24,9(j4  0]3

22.73:+ 0.39
24.404 0.17
23.774 ().()7
24.243 ().12
23.974 0.59
25.304 0.23
24.75+ ().17
21.’.294 ().09
22.713 0.15
20.714 0.05
20.97:1 0.03
22.19+ ().04
22.274 0.04
23.984 ().17

25.51,1 0.04
2:{.58 + 0.04
24.78:1  0.05
24.83 ,i 0.04
25.23,1 0,08
24.48+ 0.04
25.954  0.09
25.793  0.05
24.30:4 0.06
25.464 0.05
23.824 0.04
23.38 + 0.03
25.354 0.06
25.05 + 0.03
25.054 0,09

25.074 0.19
22.954  ().10
24.37:1 0.10
23.76:1 0.06
24.264 0.04
24.314 ().()7
25.274 0.15
24.89 ,{ 0.11
21.364  0.08
22.88,1 0.07
20.814 0.05
21.044 0.04
22.27,1 ().()5
22.30:1 0.07
24.353 ().()7

1{ 27 4
Ii 28 4
1{ X) 4
Ii 30 4
Ii 31 4
Ii 3? 4
Ii :{3 4
1{ 34 4
1{ :{5 4
1{ :;(; 4

22:37: 3.77
22:37: 3.45
22:37: 2.85
22:37: 3.6(i
22:37: 4.11
22:37: 5.(;2
22:37: 5.09
?2:37: 5.59
22:37: 5.21
22:37: :{.2(j

34:28  :13.8
34:28 :11.6
34:28: 3.3
34:27:60.()
34:27 :50.9
34:27 :50.7
34:27 :48.6
34:?7:40.4
34:27 :33.8
34:27 :23.1

311.6
271.2
189.8
288.5
339,3
526.8
459.0
515.9
463.8
213.()

]09,2

128.6
207.1
248.4
343.2
358.9
:{74 .7
4(j2.1
52b.6
616.7

2404,1 oo~

24.93:1 0.06
24.694 0.06
24.994 0.08
21.23,1 0.09
24.59:1 ().07
‘24.58  4 0.()(;
24.62,1 ().07
24.014 ().08
24.06,1 ().()8

23.93,1 ().61
24.82,1  (),17
24.463 ().1()
24.[)33 ().1()
]9(j4 ,1 ()()2

24.18,1 0,10
24.1 () + ().20
23.95: 0,48
23,59,1 (),53
23.194 0.12

25.12:1 ().()9
24.97 + 0.10
24,71:1 0.07
2[),()() :1 0.06

21.22:1  0.03
24,51:1 0.07
24.60:1 ().06
24.644 ().()(j
24.02 + ().()4
24.014 ().()7

24.203 0.16
24.78 + ().12
24.37,1 0.10
24.48+ ().12
19.70,1 ().07
24.09:1 0.06
24.14,1 ().17
24 .2b ,1 ().08
!2:+.84 ,1 (). 13
2:),13,1  0.14
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‘1’alJIc  3. lbl’ll Orl’  -  Al,l,lI’ltANllt  CoIllljariso~l.

Cl]il) N  AII’555\Vo  ~ AIc’814W05

1 4 0.135,1 0.03!) -0.0884 0,041
2 7 0.084 :} 0.010 0.123,1 0.037
:{ 1 5  0.1504  0.023 0.111:1 0.022
4 10 0.015,1 (),016 0.0564 0.034
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‘1’able  4. Calibrated I)ol’l  IQrJ’  iliap;Ilitju&s of CclJ)cids  wit]) god  Iigl]tc.urvcs.

\I ]

2G.00j  0.16
24.91 ,} 0.12
25.434  0.13
25.27,1 0.13
25.564 0.16
2b.774 0.14
26.194  0,25
26.29,1 0.14
25.104  0.12
25.05,{ 0.11
25.45+ 0.12
25.444 0.17
26.144  0.17
2b.49~ 0.15
26.284 0.19

24.924  0.16
24.434 0.15
24.083  0.13
24.734 0.21

\l f-j

25.954 0.16
26.573 0.20
25.354 0.14
25.49,1 0.15
25.763 0.16
25.683 0,13
26.654  0.26
26.6(;  3 0.20
25.314 0.15
25.43+0.15
25.58:1  0.15
26.32 :{ ().20
25.94:i ().18
26.924 0.61
!26,534 0.18

25,29,1 0.21
25,15,1 ().17
25,504 ().26
25,29,1  ().21

v 2

25.77 + 0.13
26.444 0.15
25.90:4 0.13
26.154  0.14
26.55:1 0.18
26.264  0.14
25.72:1 ().14
25.51 :+ 0.16
26.614 0.18
26.18:1 0.17
25.314 0.13
25.944 0.15
25.544 0.14
25.1130.12
25.50+ 0.13

25.17:1 0.16
25.664  0.18
25.263  0.17
24.844 0.14

jr 7

25.684  0.09
25.844 0.11
26.094 0.12
26.164  0.13
26.15:1 0.13
26.124  0.13
25.61,1 0.10
25.584 ().08
25.91,10.12
25.89+ 0.11
2(; .40:1 0.17
25.71:1 0.10
26.39,1 0.15
25.51:1 0.08
26.06:1 ().12

24.4$)  ,1 ().()8
24.77:1 ().0!)
24.56,1 ().14
24.5(; :1 ().()9

\? 3

27.20 + 0:24
27,084  0.23
26.484  0.16
26.52+ 0.15
27.37 ,{ ().32
27.32:1 0.2(;
26.67,1 0.21
26.71:1 0.21
26.444 0.20
26.694 0.19
27.323  0.28
27,394 0.29
27.50 d 0,35
26.743 0.23
26.~{6:1 0.16

26.334 (),2!3
25.75,1 0.20
26.203 0.34
26,514 ().41

}? 8

27.9$4 0.46
27.21,1 0.22
28,214 0.37
28,18:1 ().50
27,24:1 0.26
26.89,1 ().18
28,603  1.13
27.334 ().24
26.93:1 0.21
26.48+ ().14
28.414 0,6(;
26.81,1 ().20
28.28,1 0.57
27.30:1 ().23
27.69:1 ().41

26.70,1 ().41
26.06:1 ().22
20.37,1 ().4’2
25.(; 8,1 ().18

\’ 4
25.364 0.12
26.203 0.15
25.57:{  0.12
25.71,1 0.14
26.05:{  0.16
26.29:1  0.17
26.614 0.24
26.864 0.20
26.203 0.14
26.16:1  0.15
26.584 0.18
25.90:1  0.13
26.77:1  0.19
26.813 0,18
26.544 0.19

24.853 0.13
25.343 0.18
24.7140.13
24.80,1 0.1[{

}1 (J

25.934 O,lb
26.524 0.19
26.60:1  0.17
26.034 0.10
26.03+ 0.11
26.26:1 0.12
26.494 0.19
2.7.05 ,{ 0.29
26.1340.11
26.19,! 0.14
26.584 ().16
2b.91 :1 0.11
26.55:{ ().1 8
26.58:1 0.17
26.45:1 ().17

24.71 :! 0.10
2~).07 :1 ().1 2
24.88,1  ().12
24,62,1 ().()!)

\I 5

25.93:1 ().14
26.60,1 0.20
26.084 0.15
25.25:1 0.13
25.624 0.13
25.79,1 ().14
26.37,1 0.23
26.3340.17
26.254  0.15
26.414 O.IG
25.59:1 ().13
25.46,10.12
26.244 0.16
25.6G4 0.14

24.6740.13
24$)7 ,1 014

25.0340.19
24.39,1 0.12

\/ ]()

26.7530.21
26.59,10,21
26.1140.17
26.6730.20
27.224 0.26
27.154  ().28
26.74,1 0.23
27.9[J+ 0.48
27.59,1 0.40
27.5G:I  0.44
27.464  0.35
2.7.43,1 0.41
26.744 0.23
27.43,10.37
28.23:1 ().62

2?5.70 ,1 ().23
25.45,1 ().’23
25.98,1 ().36
26.80 ,} (). C:{
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\/ ]

2

3

4
5
G
7
8
g

1()
11
12
13
14
15

1 1
2
7

12

v ] ]
25.713 0.15
‘2(3.40,1 0.18
26.0230,18
26.0140.17
26.253  0.18
26.424  0.29
26.404 0.23
26.054 0.15
26.8740.26
26.554  0.22
25.79+ 0.14
26.294  0.17
25.894  0.15
25.814 0.14
26.204 0.23

24.96:1 0.17
25.48 + 0.23
25.154  0.21
25.184 0.20

‘J’able 4- Co]lli]]ucd

Single cimclI IIlag[iiluclcs

j{ ]2 v ]:{

26.29:1 0.20 27.713 0.71
25.394 0.14 27.34:1 0.4:{
25.914 0.17 28.56j 1.10
25.944 0.18 27.093 0.34
26.08:1 0.20 27.073 0.35
25.564  0.16 27.734 0.48
2b,394  0.15 , . .

25.513 0.14 27.124 0.39
26.15:10.21 28.624 1.02
26.093 0.22 28.294 0.89
25.31,10.13 27.434 0,43
25.794  0.17 28.984 1.62
25.554 0.16 . . .

26.124 0.22 27.724  0.52
25.86:1 0.25 28.44 d 0.66

25.10,1 ().18 26.083 0.40
24.414 ().14 26.65,1 0.60
24.94:1 ().20 27.014 1.03
24.753  0.17 26.32,1 0.43

v ]4

25.933 ().16
26.664 0.26
25.364 0.13
25.404 0.13
25.533  0.13
25.964  0.16
25.90 II 0.21
26.103 0.17
26.41:1 0.21
26.283 0.22
25.60:10,13
25.869 0.14
26.084 0.20
25.51:1 0.14
26.604 0.21

24.984 0.20
25.063  0.17
25.08 + 0.23
24.68:1  0.17

,>

?1
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‘J’able 5. Calil)ralcd  AJ,l,l~li  AhfIt  ]J]agllitudcs of Cq)llcids wil,li KOCXI ligllkurvcs.

v ]

26.013 0.26
24.91,1 0.11
24.97,1 0.09
U.36:1  0.12

. . .

. . .

25.45:1  ().89
2b.844 0,33
25.98,1  ().18
24.993  ().13
25.25,1 ().13
25.213 0.1:{
26.064 ().lb
24.984  ().12
26.073 0.18

24.823  0.14
24.15+ O.(N
23.994  0.12
24.29+ 0.15

}[ 6

25.464  (). J3
25.91 + ().24
24.884  0.11
24.994 0.11
25.01 ,{ 0.12
25.364 0.13
25.49,1 ().14
25.98,1  ().24
25.90,1 0.32
24.96+ 0.11
25.36,1  0.14
2G.244 0.23
2b.49,1  ().15
24.90:1  ().11
26,35,1 (),’21

24.53,1 ().1()
24.89 j ().13
25.12,1 ().22
25.12,1 ().1:3

Siliglc c]mcli  lllag]]itu(lcs

v p

25.57,1 0.13
26.044  0.18
26.174  0.19

. . .

25.754 0.16
26.35:1 0.25
26.07:1 0.20
25.573  0.19
25.31:1 ().16
25.904 0.47
25.11:1 0.20
25.8040.11
25.354 0.12
25.154  0.13
25.594  0.16

25,03+  0.14
2b.404  0.16
25.094 0.24
25.034 0.12

v 7

25.623  0.12
25,934  0.18
25.824  0.17
26.20:{ 0.18
2(3.104  0.16
26.064 0.13
26.064 ().15
2b.50 :4 0.19
25.61,1 0.11
25.924  0.10
26.214 ().24
25.724  ().13
2G.503 ().22
25.58+ 0.13
26.13,1 ().17

24.G4 :1 ().1 G
24.81,1 ().1(;
24.643 ().17
24.80:1 ().1:)

v :+

27.21< 0.28
26,643 0.23

,..

26.57:1 0.20
26.574 0.23
27.17,1 0.35
27.36+ 0.30
26.463  0.19
26.72,1  0.21
26.(30  30.22
27.28,1 ().27
27.754  0,43
27.554 0.48
26.684 0.20
26.393 0.15

26.174  0.22
2[}.65,1 0.19
2G.263 0.38
26.634  0.36

V ~

28.02,1 ‘0.58
27.344 0.37
26.47+ 1.1:{
27.494 0.43
28.31,1 ().74
27.34:1 0.37
26.974 0.24

. . .

27.30,1 0,34
2(; .55 ,1 0.22
28.03,1 0.59
26.!33 ,1 0,23
27.96:1  0.77
27.57:1 0.30
27.80,1 ().5()

2G,824 ().44
26.15,1  0.34
2(j,6(;4 0.44
26,01 4 (). !25

v 4

2b. ~J5 ,i ().]!)
26.13,1 O.l:\
26.124 ().21
25.46,{  0.13
25.G04  ().13
26.00:1  ().16
26.224 0.16
26.344 ().31
26.94:1 0.25
26.17:1  ().16
26.[)04 0.18
25.8840.15
26.92:1  0.22
26.81:1 0.32
26.43,1 0.26

24.824 0.12
2L.15+ ().10
24.7240.13
25.00:1  ().13

\/ (j

211.933 0.12
26.504 0.38
25.91:1 ().15
25.84,1 ().22
26.003 0.12
25.97,1  ().16
2fi.34 :1 ().18
26.38,1  0.26
2G.93 :1 ().35
2. G.19,1  ().22
26.:{9 ,1 ().1 9
25.844 0.14
2(;.52:1 0.19
26.45:1 0,23
2G.60,1 ().2(;

24.8:{,! (),15
?5.04 ,! (). I :{
24.97:1 ().2.1
24,77,1 0.11

v 5

25.87,4 ().14
2G.33,i 0.17
2G.284 ().14
26.144 ().21
25.4G,I  0.17
25.G9  ,1 ().1()
25.984  ().19
26.1140.25
26.19:1 0.17
26.4730.19
25.654 0.12
25.4G3 0.13
2G.3G4 0.16
25.564  0.21
2G.934 0.29

24.G34 0.07
24.96,1 0.10
25.324 0.23
24.774 0.10

V l o
2G.94 4 0.31
2G.74  4 0.32
27.653  0.51
26.554 ().34
26.724  0.27
27.334 0.45
27.24,1 0.34
26.(;4 4 0.25
27.57’4 0.40
27. G’2 ,1 ().51
27.1!) 4 ().34
27.45:1 0.36
2G.824 0.22
27.3G:1  ().38
28.X) :1 0.86

25.71,1 ().19
25. G2 i ().22
26.02,1 ().33

16.8!) ,1 ().72



2 3

l’:pocll

\/ ]
2
3
4
/j

6
7
8
9

10
11
12
13
14
lb

1 1
1
2
2

\/]]

25.904  0.19
26.604 0.22
26.943 0.41
26.154  ().32
26.064 0.16
26.233 0.24
26.604 0.24
26.63 :+ 0.38
25.84,1 0.19
26.73 :+ 0 . 2 5
25.793  0.15
26.424 0.23
26,16+ 0.20
25.83+ 0.13
26.404 0.23

25.13:1 ().15
25.63,1 ().29
25.323 0.22
25.52,1 0.24

\l ]2

26.244 0.25
25.27,! 0.10
26.004 0.21
25.92,1 0.18
25.90,1 0.16
25.924  0.17
25,504  0.15
25.30:1 0.16
25.52,1 0.23
26.04:1 0.26
25.144 ().15
25.99 + 0.30
25.474  0.17
26.194  ().18
26.164  0.22

25.32,1 0.16
24.56:1 0.10
24.95,1 0.20
24.963  0.14

j? 13

28.51,1 1.68
27.214 0.66
28.104 ().74
26.08,1 0.06
25.384 ().54
27.173 0.47
27.50:1  1.10

. . .

2b.24 ,1 0.(;4
27.74:1 0.60
27.314 ().45
28.774 2.06
28.43,1 1.24
27.794 0.60
28.03 II 1.00

26.15:1  0.44
27.104 0.77
26.92,1 1.62
27.754 1.86

jl ]4

26,17,1  ().32
26.734 0.25
26.484 0.17
25.353 0.14
25.41:1 0.20
25.55,1 0.13
25.80,1 0.14
25.93,1 0.33
26.184 0.17
26.404 0.17
25.59:1  0.16
26.003 0.19
26.344 0.25
25.603 0.15
26.51,1 0.31

X).16,  + ().17
25,16,1  0,14
24.944 0.24
24.893 0.15



11) chip

\i ] 2
V2 2
v :] 2
V 4 2
v~ 2

V6 2
V 7 3
V8 3
v CJ 3
\I ]() ~
v]] 4
\i ]2 4

v I:+a 4
V14 4

. .

‘Jhl)]c 6.

R A  (J2000) I)CC

22:36:59.60 34:28 :21,0
22:36:56.53  34:28 :42.3
22:36:58.30  34:28 :45.9
22:36:58.82  34:28 :47.4
22:37:0 .23 34:29 :26.7
22:36:59.92  34:29 :28.2
22:36:59.84  34:28 :22.6
22:36:59.00  34:28 :33.9
2!2:36:58.57  34:28 :38.7
22:36:59.83  34:28 :29.9
‘22:36:58.67  34:29: 9,7
22:36:58.67  34:29 :11.8
22:36:58.43  34:29 :20.1
22:36:59.37  34:29 :30.5

-24-

(;c[)}tcids witlI good ligllkurvcs.

x Y ]’A/j

296.3 75. ] 42.59
661.8 322.1 21.19
4 3 7 . 8  3 4 0 . 7  13.91
372.4 350.4 22.60
1 6 2 . 1  7 3 2 . 2  33.94
199.8 750.4 29.05
26L. I g~g  39,90

360.3 212,1 11.13
410.6 265.2 24.41
261.1 1 6 3 . 3  11.61
371.8 5 7 5 , 5 19.82
369.7 5 9 7 . 4 24.82
392.5 683.2 15.04
266.6 7 7 9 . 3  4 1 . 2 0

< v >/l/j <  v –  ] >A/f

25.323 0.06 1.06: 0.09
25.63 d 0.06 0.544 0.10
26.844 0.08 0.8630.16
26.084 0.05 1.09,1 0.08
25.994 0.05 1.104 0.08
25.334 0.05 0.75 d 0.08
25.88,1 0.04 1.09,1 0.09
27.353  0.13 1.06:1 0.23
26.183  0.06 1.304 ().09
27.14:1 0.11 1.16:1 0.25
26.193 ().06 0.823  0.14
25.723 0.05 0,83,1 0.09
26.814 0.23 0.00+ 0.56
25.894 0.05 1.05,1 0.10

I ‘Doph < v >Doph

42,18 25.51 + 0.0
21.35 25.79 d 0.0
13.9] 2 6 . 8 3 4 0 . 0
22.60 26.124  0.0
33.87 25.874 0.0’
29.43 25.86 + 0.0’
39.7? 25.894 0.0
11.16  27.364  0 . 1
25.83 26.294 0.0
11,61 27.014 0.0
]9~6 26]] + 0+0

26.68 25.734 ().0
14.99 27.664 0.2
37.54 ~~ 25.854 0.0

‘Not  used ill 1’1, fits duc to uIIusual < V - 1 >Aif



‘J’al)]c 7, l“its 101’1, rclatio]Is

,Sa][)])]c  hl l)M(V) I)M(l) l’;(V - ))) l)M(,

1)01’11()’J’

All 14 31.43+ 0.09 31.17:+  0 . 0 7  ().264 0 , 0 6  30.804  0,10
Clli~J2 G 31.28 31.16 0.12 30.98
Cllil)3 3 31.64 31.13 0.51 30.40
CllilJ4  5 31.48 31.22 0.26 30.84
1’> 15 10 31.33 :{1.12 0.21 30.82
1’>20 9 31.36 31.15 0.21 30.84
1’>25 7 31.45 31.20 0.24 30.85

All 13 31.304  0 . 1 0  31.15:1 ( ) . ( ) 7  ().164 0 . 0 6  30.923  0 . 0 9
Clli])2  G 31.15 31.08 0,07 30.98
Clli])3  3 31.58 31.24 0.34 30.75
Clli[)4  4 31.34 31.18 0.15 30.96
1’>15 1 0 :31.25 31.13 0.11 30.97
1’> ’20 9 31.25 31.13 ().12 30.95
1’ > 2[) 5 31.40 31.28 0.13 :{1 .09



. .

2(;

Source of UllcdaiI}ty

a )  W1’’I’C2 l“555\V0,5 to V mro ])oil,t
l)) \Vl~l)C2 l~$14W0,5 to 1 zero J,oillt

[A] 7mro ])oil,is (I .45a+ ‘2,4hlJ)a
c) l~555\Vo ~ almrturc  cormdion
d) 1“814\V0.5 aJwrturc corrcc.liol)
c) 1)01’110’1’ 1’1, fit
f) AJ/1/I’li,AhflI;  1’1,  fit,

[11]  l)ol’llOrJi J)hl (c + c)a
[C] Al,l,l~l{AMII; l)M (c+ f)a
[1)]  Mclal]ici(y

[It] I,MC l)islallcc  ?Vlodulus

N(+C 7331 l)M (lkd’110’r)  (A-{ 11+ 1)+ l~)a
N(;C 7331 I)M (A I, JJIW,AM13) (A-I  C- I 1)-I  IIT)”

lJ~tccrtair~ty(ll)ag) lJ1lccrtait,ty(lllag)

40.04
40.04

jo.11
d 0.04
40.05
40.10
40.09

40.11
:10.10
30.02
,10.10

40,19
+0.18

aAll SUIIIS  arc i]] quadrat,urc.
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‘1’able 9. l)islm,ccs  to N(; C 7331

Mctllo(l I}istallcc  (Ml,c) ILcfcrcllcc

M:{l/NGC  7331 velocities 17.7 lbbitl CL d. 1965
N131/NGC  7331 dialtlctcrs 15.4 liulJil, d al. 1965
‘Jl,lly-  l’isl,cr(ll) 12.0 Aarollsol, d al. 1982.
11[, : 75 14.3 ‘J’ully  1988
‘lhlly- l~isl)cr(l]) 9.6 JIotjtirlclid al. 1985
u’J)llcids 15.3 ‘J’llis~mlmr  (Al, I,lI’lLAMIt)



. . . . . . . . . .

G a l a x y

NGC224 (M31)
NGC30()
NGC598  (M33)
NGU)25
NGC2403
NGC3031  (M81)
NGC3351  (M95)
NGC3368  (M9G)
NGC3621
NGC4b36
NGC7331

1 )rvl

24.40
26.66
24.50
29.84
27.50
27.80
30.01
30,32
29.20
31.10
30.92

lo.gA\l

2.742
2.371
2.392
2.422
2.488
2.716
2.573
2.709
2.536
2.576
2.740

‘J’able 10. 11{1’1”  Ulll)l’at!loll.

11(1,5 Source of ])isl~IIc.c

0.91
7.00
4.38
8.74
6.45
4.38
7.41
6.87
7.40
8.30
6.44

lkxxllll~rl  & Mt~dorc 1990
lhxdlllarl  1990
lhmdIJ)all 19$)0
SiltmlIlall~l ct al. 1996
11’rccd]ilal,  1990
IJrcdlllall  Ct al. 1 9 ! ) 4 t J

Grallall[  d al. 1996
‘J’allvir  cl, al. 1995
]bWSOll  ct a], 1996
Salla  cl, al. 19$)6
‘J’llis  pqwr
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1
2
3
4

-1.00531 7.2229191 :-5 3.8262901>4 -7.7324231 )-8 -4.5873081+7  –7.6852301;-9
-0.754943 1.9419041(>4 3.6651 151;4 - 3.0656321 ;-7 -4.3451701>7 1.1432391’:-7
-0.764054 2.5506441  :-5 3.4842961>4 - 7.6145711 ;-8 - 4.4478921 ;-7 1.3635071 t-7
- ().755136 2.3846451>4 4.2555721>4 - 3.2532831; -7 -6.0872601>7 7.9686571 <-8

1
2
3
4

0.987125 7.9066891’>5 1.4497311>4 - 2.1731951 }-7 - 2.5048041 t-7 2.7523831 ;-7
- ().904758 1.8354721+;-4 2.9479961 ;-4 - 2.8782371 ;-7 -3.6485801>7 1 . 4 3 4 2 7 9 1  t-7
-0.862129 7.1244841 ;-6 2.3734781>4 -1 .04479 !)1;-7  - 3,4852531}7 2.2858431’;-7
–0.908892 2.751 1331+;4 3.4908401 ;-4 - 2.6750651 ;-7 - 3.724 ]36]>7 - 1,0419731 ;-7
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11’ill,cr

l~555\+’
l“814\}’

l~555w
l’1814\v

I+’E) :):)\\’
14’814\$’

‘lM)lC 12. Xcro-]milits  a]Ld AIwrturc  Corrcctiol)s.

ClliJ)  I’C] Cllij) \Vl~2 ClIi])  Wlr3 ClIi]) \Vl”4

1)0} ’110”1’ Zero-])oillts

-7.569 -7.549 -7.477
-8.923 -8.341 -8.408

Al,l,l!’liAMll;AIJcrl~irc Corrcctiolls

- 0.057 - ().037 - 0.02(;
-0.072 -i 0.019 -j 0.006

. 0 9 6 7 - 0.958 . (),g~()

- 1.861 -1.823 -1,842

-7.572
-8.432

-+ ().()09
-i 0.030

. (),973

-1.870



.’.

:{ 1

11’i~.  1 . -  A 10 x  10  arcxllili il]la$c of N(~C 71{31, {Icrivcd f’ro]tl  l~\/fi fratllcs oljl, ai]lcd ~vi(ll (,lic l)rill]c
11’CKNS  ‘J III)l{ caIIIvra  011 l,I)c ]saau Ncwt,o]) ‘lklcscopc, ‘1’l)c j)osi(iull d (llc \Vl(’I’C;2  (icl(l i s  i[ldi[calcd  Ijy tllc
c] IcvroII,  a]ld L]lc ]Josit,ioll O f  SN19591)  is a l s o  ]IIarkcd,  A’ort]l is lo tllc ri~lli,, a]ld lkst,  is o]) (for l)urcly
acstllctlic rciiso]  Is). ‘1’]Ic backgroutid  ga]axics  to L}IC  ]IortlI  arc (f’rolll  !vcst to ciwl,)  N(.;C 73:{7, N(.;(; 7:{35,
all(l h’(;c 7336,

l~ig. 2.- A]] l~555iV IIlcdiailcd illlagc o f  t h e  \Vl~l’C2 IIlcrsaic (with Nor(,l] to tltc r i g h t ,  lhst u1)).  ‘1’lIc
}Jositic)lls of tllc Cc])]lci(ls ill ‘J’al)lc ‘f~~ ~,r~:  ]~larkcc] I)y Ial)clcd circles.

]“ig. 3.- ~olll[misoll of calibratd  ]“555\Vo,5  a)ld l~814W[),  [, l)llotol!lctry of all stars iu COIIIII~Or]  ktwcc]i
l,IIc 1)01)  110’1’ aIId AJ,l,lI’liAMII;  sets of liglltcurves, fOr cacll oftlIc }\’lpl’C2  clli[)s. ‘1’lic d~stid lirlc i s  i,lIc

II ICa II difhcucc, of Lllc  J) OiIlt,S l)lottcd,  arid ltlc so]id ]ilic is t]Ic II ICa II dif[’crmlcc  of i,]lc ]ow rlils isolakd stars ,
cl]oscll  as rcfcrcmcc  stars ill ‘J’al)]c  ?’/.

]Jix. 4.- l~illditlp;c]larts  f o r  ULC]I  CcI)llci(]  ]istcd  iI1 ‘Jhl)]c ??, ]I;~c]I  c]Iar(, is ccr]t,crc(l 011 i,llc Ccj)llcid, Zuld i s

4 X 4 arcsccsquard (i.e. 40X40” W’F’I)ixcls). Nor(ll isul), cast, totllclcf(,

l(’ig. 5 . -  l,iglltcurvcs, I)lI~scd to thcrclcvwlt, I)criod,  for  c~cll Ccl)llcid Iistcd ill ‘J’zhlc ??.  (lIi tlic ]cft a r c
tllcc~lil)rtttcd  l)ol’ll[)rl’  ][l~gs, o~l Lllcrigllt  arc t])ccalibratcd Al,l,l$l{.A hfII; ]tIags,

]~ip;. 6.- 1 vs b’ - 1 co]or-lllzlgllit~lclc diagral))  for all clli[w. Por clarily,  orlly e v e r y  ]01,]1  star is I)lottcd.
Also sliown arctlic Ccl)llci(ls  frolllrl’at)lc?? (O1)CTI  c.irclcs), itlclll(] i)lgtllosc  o~ltsi(]c: t]leirlslat)i]it,  ystri])(oI)c~l
sqoarcs) that arc not  used ill Ltlc 1’1, fits.

l~ig. 7.- ‘1’IIc solid curve is t}le V lllll~it}osityfll~lct,ioll for all stars wit,ll  V -  1 <0.3 (Al,l,lIIli AMlt  ]Daw,),
rc])rcsclltillp; Lllc L]uc I)lu]l]c. ‘J’ltc dasllcd lillc is a least squares fit, to this lul]lillosity ful]ction ljctwcc]i
It: !23aItd  ~~= 26~l]ag. ‘J’]lc(lottc(lc~lrvcist}lc \~]~lll,il,osity  f~ll,ctioll  fora]lstars  wriL]10.5< V- ) < 1 . 5
(A IJIJI’RAM1’;  Ilmgs).

Pig. 8.- V  (up[m lmJlcl)  ti!}d I (Iowcr lmrIcl) 1’1, rclatiu]lsfor tllc Cc])llcids ]isl,cd ill ‘J’til)lc ?’! ( c a l i b r a t e d
AI,l,l~liAMII) ]na~s), ‘J’llc NGC  7 3 3 1  Cc])llcids arc Ltlc solid c i r c l e s ,  ~tld tllc l,MC Cc.])llcids  arc L}IC  OI)CII
circ.lc.s, ‘J’llcstraigl]t  lillcsarcl  cast squares fits wi(,ll  fixed slol)c (SCC text). ’11’ ist]lcbluc (V- 1 = 0.0)
N(J(~  7331 Cc[)licid, wllicll wascxc.ludcd  fro]t]  tllcfit,s.

)~i~;. 9.- V (ul)]wr ])ar)cl)  aIId 1 (Imvcr  ],NIICI)  1’1,  rclal,iorls for LIIC Cc[)llcids listed ill ‘1’able ‘/? ( ca l ib ra t ed
1 )01’11[)’11 Itlap;s)  .

l~ig. lo. - 11{1’1’ akmlutc calil)ratioll,  wit]l :LIMolutc ll. ()[) ltiags vs ]og(Al~)  - 2,5, froltl dai,a irl ‘1’al~lc ? ? .
]“i]]c{l  circ]cs arc tllc data used by ]1’rccdlilall (19!)()),  fi]lc(] squares zirct]lc~c(]<~xics}~rit]l  rcxmi(  llS’J’-(lcrivc(l
Cc])]tcid  distallccs,  a]ld Ll)cfillcd  sLaris NCJC 7331. ‘J’l)cdottcd  ]iltcistllcl~rcc(l[li:i)l  (1990)  ctllil)r:Ltiorl, t]lc
das]lcd ]il]c is iL ]cirst,  sqoarcs  fit so]ui,ioll  1,0 L]IC ]Ycc(llllarl (1990) set, of ?;a]axics,  l]IC dasllcd-dol,tcd  ]itic is
a ]cast s(luarcb fil solutior] to all 1)01 NC; (.; 73:{1, and tllc solid lit)c is (,IIc ]cast, s q u a r e s  so]utio]l  ilicludilip;
N(.{C 7331
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NGC 7331

Slope = 0.61
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